
Intercomparison Study of

Inductively Coupled Plasma Mass Spectrometry,
Thermal Ionization Mass Spectrometry, and

L Fission Track Analysis
●

of pBq Quantities of 239Puin Synthetic Urine

——.



REPORT
for

Department of Energy
Office of International Health Programs (EH-63)

Intercomparison Study of Inductively Coupled Plasma Mass
Spectrometty, Thermal Ionization Mass Spectromety and Fission

Track Analysis of pBq Quantities of 239Puin Synthetic Urine

Kenneth G.W. Inn
National Institute of Standards and Technology

Ionizing Radiation Division
Gaithersburg, MD 20899

August 17, 1997



1.

Ii.

Ill.

Iv.

v.

V1.

V1l.

VIII,

lx.

x.

REPORT OUTLINE

INTRODUCTION, APPROACH and TECHNICAL ISSUES

TEST SAMPLE PREPARATION, REPORTING FORMAT, DILUTION CHECK
and TEST SAMPLE UNCERTAINTIES

NATIONAL LABORATORIES’ ANALYTICAL METHODS

MEASUREMENT RESULTS and DATA ANALYSIS

A. Mean, Standard Deviation and Bias

B. Outlier Tests

c. Technical Issues

REPORT OF TRACEABILITY

ANALYTICAL ISSUES

A. Analytical Problems

B. Study Limitations

STATE-OF-THE-ART

A. Precision

B. Bias

c. ANSI Performance Criteria

D. Minimum Detectable Amount

E. Summary

CONCLUSIONS

RECOMMENDATIONS

ACKNOWLEDGMENTS

Fn:kinn/yaeUpuurine. pap/September 11, 1997



I.

INT ROD UCTION, APPROACH and
TECH NICAL ISSUES

Fn:kinru@eUpuurine. pa@eptemlw 11,1997



In trodu ctioq

The Department of Energy, Office of International Health Programs (EH+3), is in the
process of assisting Marshall Islanders to resettle their islands after five decades. The
DOE and the resettled residents require assurances that the radiation dose to residents
will not exceed recognized international standards or remmmendations. One of the
remaining radionuclides that could contribute to internal radiation dose from inhalation

2mPu Since biological samples can be collected toand ingestion intake pathways is .
quantitate the body mntent of radioactive materials or the damage created by exposure
to ionizing radiation, the measurement of these parameters by instruments or analytical
techniques must be accurately known. The uptake of 2*Pu is estimated from the
excretion of 2WPUin the urine of an individual. The analytical technique must have
sufficient sensitivity to quantify 2WPUat or below a level of 20 pBq/kg.

Until recently, Fission Track Analyses (FTA) of Marshall Islander urine has been the
most sensitive measurement technique. Although FTA is very sensitive, it is also
expensive and requires long turnaround times. Thermal Ionization Mass Spectrometry
(TIMS) has had the potential sensitivity to equal that of FTA and could also provide
isotopic information, but has never seriously been used for routine radiobioassay work
because of the necessary laborious chemical purifications and rare expertise to
knowledgeably operate the instrument. An emerging technology, Inductively Coupled
Plasma Mass Spectrometry (ICP-MS), offers great potential as a rapid alternative ultra-
sensitive measurement method that is easy to operate and only requires a minimum
amount of sample preparation. The attraction of faster, less expensive analyses of very
low levels of plutonium in urine at comparable sensitivity motivated the Department of
Energy to assess the capabilities of all three of these measurement techniques through
this study.

The goal of this phase of the project is to evaluate the state-of-the-art (accuracy and
precision) for 239Pu in synthetic urine measurements by inductively coupled plasma
(Brookhaven National Laboratory, BNL, and Pacific Northwest National Laboratory,
PNNL), thermal ionization mass spectrometry (Los Alamos National Laboratory, IANL)
and fission track analysis (BNL) in the concentration range of 18-278 pBq/g for 200g
samples of synthetic urine. The major portion of the preparation tasks was performed
by the Yankee Atomic Environmental Laboratory (YAEL), in terms of establishing the
stability of ‘mTc tracer 239Pu in the synthetic urine, executing the dilutions,
confirmational measurements and distributing the samples to participating laboratories.
NIST oversaw the development of the work plan, YAEL’s preparation of the test
materials, and evaluation of the resulting data.

APPrQMh

o NIST and its subcontractor, YAEL, developed a dilution and measurement
confirmation scheme for the production of five replicate 239Pu in synthetic urine
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at blank, 18.5, 46.3, 148.4, and 277.7 nBq/g samples for the three participating
laboratories.

NIST, with YAEL, diluted the 2*Pu test solutions.

NIST and YAEL prepared the 2WPUspiked synthetic urine samples, confirmed
the dilutions by isotope dilution alpha spectrometry and ‘Tc tracer gamma-
spectrometry, and distributed five replicate samples at each concentration blind
to Brookhaven, Los Alamos and Pacific Northwest National Laboratories.

NIST confirmed the YAEL dilution measurements.

The participating laboratories had two months to report their final measurement
data (including negative values) to NIST along with their evaluation of the
uncertainties in their measurements.

N IST evaluated the resulting data to determine the accuracy, precision,
sensitivity and limitations of the analyses of 2WPUin synthetic urine:

● Individual Laboratory Results: (Normality Tests)
Data Distribution (Test for Measurement control)
Mean Value (Bias)
Variance (Precision)
Identify Potential Measurement Discrepancies

. Measurement Discrepancies:
Discuss measurement methodologies with laboratories
Discuss sources of discrepancies to identify outlying data
Evaluate likelihood of outlying data

● Compare Laboratory Performances:
Data Distribution (Normality Tests)
Mean Value (Bias)
Variance (Precision)

. Resolve Method Dependent Discrepancies:
Mean Value (Bias)
Variance (Precision)

. Technology Evaluation:
Bias
Precision
Minimum Detection Amount.
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Technical Issues

A number of technical issues were raised during the design of the
intercomparison protocols. These included:

o Stability of the plutonium in glass bottles;

o Stability of the plutonium in the synthetic urine;

o Contamination from plutonium in the reagents used to make the synthetic
urine; and

o Adequacy of the synthetic urine as a substitute for natural urine.

Previous experience within the in vitro radiobioassay community indicated no
particular problems with these issues. However, the issues must be reassessed
in this intercomparison because of the extremely low concentrations of
plutonium. These issues are addressed using the intercomparison data.
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I tST S/4MPLE PREPARATION}
ILUTION VERIFICATION}

I tST SAMPLE UNCERTAINTIES and
ING FORMAT
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Test Sample Pr -egaration and D istribution Pr Otocols

The following steps describe the methodology used for preparation of 2mPu in synthetic

urine performance evaluation (PE) samples.

1. The 2*Pu standard was provided by NIST as a Standard Reference Material
(SRM 4330A). Five -- 50 mg aliquots of the SRM underwent alpha
spectrometric analysis (sample IDs: 4330A-2 thru 6). The analyses were traced
with 242Pu. Counting statistics of <2Y0 (1 o cs<2°Yo) were achieved for each
measurement.

2. A 300 g solution of 4N HNO~ was spiked with -200 pCi of -c. Suficient -c
was added to achieve s1?40 counting statistics in a 5 minute counting interval for
the dilution described in step 5. Prior to spiking the 4N HNO~, the *Tc
concentration in the purchased source was checked via gamma spectrometry of
an -1 g aliquot (sample ID: TC-CK1).

3. The 239PuSRM was diluted by a factor of 707.306 using the nitric acid solution
from step 2. The diluted solution was -250 g and was contained in a 500 mL
capacity plastic bottle. Sample ID is 4330A-1. The diluted 239Puconcentration
was 5.358E-02 Bq/g. Five - 10 g aliquots of this dilution were verified via alpha
spectrometry traced with 24*Pu (1u CS<2?40). The verification sample IDs are
4330A-1 B thru 1F.

4. Five samples, from step 3, were prepared for baseline gamma spectrometric
verification by diluting -10 g each of the solution to the required level in the
counting container (sample IDs: 4330A-1 G thru 1K). The diluent was unspiked
4N HN03. The total weight of sample in the counting container will be -70 g
with a solution height of 3.8 ~ 0.1 cm. All samples prepared for gamma
spectrometry were counted in this geometry which is known as the “WAIT-1”
geometry. A blank 4N HN03 sample was also counted.

5. The solution from step 3 was diluted by a factor of 1268.806 using 4N nitric acid.
The diluted solution was 3 kg and was contained in a cubitainer. The diluted
239Puconcentration was 4.2231 E-05 Bq/g. Sample ID is 4330A-lA.

6. Step 5 dilution was verified via gamma spectrometry (1u css 1!XO) of five -70 g
aliquots in the WATT-1 geometry (sample IDs: 4330A-l A-1 thru 5). This
measurement was compared with the baseline measurement of step 4. One
blank aliquot of the 4N HNO. diluent also underwent gamma spectrometry.
Steps 1 through 6 were performed within a 24 hour period to ensure that
significant decay of ‘“Tc had not occurred prior to gamma spectromet~.
counting sequence was from the most diluted to the least diluted solution
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7. -c was added to the solution remaining from step 6 in sufficient quantity (-5

8.

9.

10.

11.

12.

13.

14.

15.

mCi) to achieve s 1 ‘A counting statistics for all subsequent dilutions. The WC
concentration in the purchased source was checked via gamma spectrometry of
an -0.1 g aliquot (sample ID: TC-CK2). A baseline gamma spectrometry of the
“new” -c in this solution was performed on five - 10 g aliquots diluted with 4N
HNO~ for the WAIT-1 geometry (sample IDs: 4330A-l A% thru 10). One blank
4N HNO~ was also counted. This solution is called the stock solution. A new,
gravimetric based, 2MPu concentration was recalculated for the stock solution
(4.2209 E-5 Bq/g). Sample ID of stock solutionis4330A-lA-11.

The stock solution from step 7 was diluted by a factor of 911.784 using synthetic
urine. This dilution was prepared in a 10 kg cubitainer. The total weight of the
diluted solution was 5 kg. The diluted 2WPUconcentration was 4.629E-08 Bq/g.
Sample ID is PUR-250.

Step 8 dilution was verified via gamma spectromet~ (1u CSS1%) of five aliquots
in the WAIT-1 geometry (sample IDs: PUR250-A thru E). -c, added in step
7, was quantified. One blank synthetic urine aliquot was also analyzed.

Twenty 200 g aliquots of the solution prepared in step 8 were packaged into
16 oz. glass bottles with an exterior plastic coating. Five bottles each were
shipped to two of the three participating labs, whereas ten bottles were shipped
to the third lab.

The stock solution from step 7 was diluted by a factor of 284.492 using synthetic
urine. This dilution was prepared in a 10 kg cubitainer. The total diluted
solution weight was 5 kg. The diluted 239Puconcentration was 1.484E-07 Bq/g.
Sample ID is PUR-800.

Step 11 dilution was verified via gamma spectrometry (1u css 1%) of five aliquots
in the WATT-1 geometry (sample IDs: PUR800-A thru E). The analyte
quantified was ‘mTc which was added in step 7. One blank synthetic urine
aliquot was also analyzed.

Twenty 200 g aliquots of the solution prepared in step 11 were packaged into
16 oz. plastic bottles. Five bottles each were shipped to two of the three
participating labs, whereas ten bottles were shipped to the third lab.

The stock solution from step 7 was diluted by a factor of 151.9716 using
synthetic urine. This dilution was prepared in a 10 kg cubitainer. The total
diluted solution weight was 5 kg. The diluted Pu-239 concentration was
2.777E-07 Bq/g. Sample ID is PUR-1500.

Step 14 dilution was verified via gamma spectromet~ (1a css 1 !40) of five aliquots
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16.

17.

18.

19.

20.

21.

In tne WA I I-1 geometry (sample IDs: PURI 500-A thru E). The analyte
quantified was -c which was added in step 7. One blank synthetic urine
aliquot was also analyzed.

Twenty 200 g aliquots of the solution prepared in step 14 were packaged into
16 oz. glass bottles. Five bottles each were shipped to two of the three
participating labs, whereas ten bottles were shipped to the third lab.

The solution from step 14 was diluted by a factor of 15.004 using synthetic urine.
This dilution was prepared in a 10 kg cubitainer. The total diluted solution
weight was 5 kg. The diluted Pu-239 concentration was 1.851 E-08 Bq/g.
Sample ID is PUR-1 00.

Step 17 dilution was verified via gamma spectrometry (la css 1%) of five aliquots
in the WATT-1 geometry (sample IDs: PUR1 00-A thru E). The analyte
quantified was *Tc which was added in step 7. One blank aliquot was also
analyzed. Steps 7 through 18 were performed within a 24 hour period to ensure
that significant decay of ‘mTc had not occurred prior to gamma spectrometry.
The counting sequence was from the most diluted to the least diluted PE
sample.

Twenty 200 g aliquots of the solution prepared in step 17 were packaged into
16 oz. glass bottles. Five bottles each were shipped to two of the three
participating labs, whereas ten bottles were shipped to third lab.

Twenty 200 g aliquots of the blank synthetic urine were also packaged into 16
oz. glass bottles. Five bottles each were shipped to two of the three
participating labs, whereas ten bottles were shipped to the third lab.

The 200 g shipping aliquots of all the concentration levels were prepared 12 to
24 hours after the preparation of the PE materials.
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ATTACHMENTI

REQUIREMENTS FORCONFORMANCE

1.

2.

3.

4.

5.

6.

7.

8.

9.

Two weights were recordedforeach weighing. The precision ofthe twoweights
were within 0.5 percent. Themean of thetwoweights were used to calculate the
gravimetric concentrations.

Counting statistics of 1% or better was achieved for all gamma spectrometric
measurements. Counting statistics of 2°A or better was achieved for all alpha
spectrometric measurements.

All bottles packaged for shipping, including blanks, were assigned random ID
numbers from 1 to 100. Higher concentration solutions, which were sent for
fission track analysis, were labeled “high concentration.”

30 kg of synthetic urine was prepared in batches of 2 kg each. The batches
were combined in a carboy and equilibrated for 24 hours. The synthetic urine
was filtered through a 0.45p filter (Gelman HT 450).

All glass bottles, used for shipping, were soaked for 72 h each in 0.1 M disodium
EDTA, 2M HNO~ and 2M HCI. The bottles were rinsed with high purity deionized
water and air dried.

All prepared solutions were shaken for at least 15 minutes before removing any
aliquots.

All spikes, except the spike in step 16 were dispensed into the diluents via
pycnometers. A 500-9 poly bottle was used to deliver the 333.3 g spike in step
16.

The Mettler AE 163 analytical balance was used to determine the weights of the
added spikes with the exception of the spike in step 16. The Mettler PM1 6-N
balance was used to determine the weight of the spike dispensed in step 16.
For the dilutions described in steps 10 and 13, multiple dispensations of the
spikes were required due to the overall weight limit of 26 g on the AE 163
balance.

NIST prepared the certificates of content for the PE samples. The attached
flowchart illustrates of the protocol described above.
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ATTACHMENT II

EQUIPMENT AND SUPPLIES

1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.

?.

2.
3.
4.
5.
6.
7.
8.
9.

GM survey meter
Log book, calculator, ruler, markers & pens
Gloves (L, M & S), safety glasses and lab coats
Absorbent paper, paper towels and kimwipes
Radwaste bin
Non mntaminated waste bin
Decon spray cans (hand and surface)
File for scoring ampoule
Plastic protectors for ampoule tip
Fifty pycnometers with elongated tips.
500 mL and 1 gal. plastic bottles
Four 10L (2.5 gal) cubitainers and boxes
50 kg carboy
504 oz. plastic jars (counting containers for -c) and plastic bags
Labels (w/ radioactive symbol) for *1c counting containers
Fifty gamma spec. measurement request forms (YELF 1101.1 )
Duct, packing & electrical tapes
25 HazMat multi pack shippers containing a 10016 oz. glass bottles with
exterior plastic coating.
100 labels for shipping bottles
25 FedEx Dangerous Goods Airbills, address labels and “Corrosive” labels
Reverse electrode germanium detector (40% relative efficiency)
Octet PC Alpha Spectrometer
Mettler AE 163 analytical balance with 5 digit precision and GA42 printer.
Mettler PM1 6-N top loader balance with 1 digit precision.

REAGENTS

High purity deionized water
4M nitric acid -4 kg
0.1 M Disodium EDTA
2M nitric acid
2M hydrochloric acid
Synthetic Urine -30 kg (see attached recipe)
Pu-239 SRM
Tc-99m
Standardized Pu-242
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Component

Urea 16.00

NaCl 2.32

KCI 3.43

Creatinine 1.10

NazS04 (anhydrous) 4,31

Hippuric Acid 0.63

NH.CI 1.06

Citric Acid 0.54

MgS04 (anhydrous) 0.46

NaH,P04. HZO 2.73

CaC12. 2H,0 0.63

Oxalic Acid 0.02

Lactic Acid 0.094

Glucose 0.48

Na$iO~ . 9HZ0 0.071

Pepsin 0.029

Cone. NitricAcid 50.00

Yellow Food Color ---
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Attachment Ill

SAMPLE PR EPARATION DESIGN
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Attachment IV

SRM 4330A Certificate
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Certificate
Standard Reference Material 4330A

Plutonium-239 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive plutonium-239 nitrate and nitric acid
dissolved in 5 rnL of distilled water. The solution is contained in a flame-sealed NIST borosilicate-glass
ampoule. The SRM is intended for the calibration ot alpha-particle counting instruments and for the
monitoring of radiochemlcal procedures.

Radiological Hazard

The SRM ampoule contains plutonium-239 with a total activity of approximately 210 Bq. Plutonium-239
decays by alpha-particle emission. None ot’ the alpha particles escape from the SRM ampoule. During the
decay process X-rays and gamma ravs with energies from 10 keV to 1 MeV are also emitted. Most of these
photons escape from the SRM ampoule but their intensities are so small that they do not represent a radiation
hazard. Approximate unshielded dose rates at several distances (as of the reference time) are given in note
[a]”. The SRM should be used only by persons qualified to handle radioactive material.

Chemical Hazard

The SRM ampoule contains nitric acid (HN03) with a concentration of 3 moles per liter of water. The
solution is corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transier the solution. the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 “C. The solution in an unopened
ampoule should remain stable and homogeneous untd at least December 2005.

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with

the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactwity and because of the strong acid.

Preparation

This Standard Reference Material was prepared in the Physics Laborato~, Ionizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were prowded by L.L. Lucas of the Radioactivity Group.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahev.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief

January 1996 Standard Reference Materials Program

SRM 4330/% wc 1 of 6 ● Notes and references are on pages 5 and 6.
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1)

~)

3)

4)

5)

6)

7)

8)

9)

Recommended Procedure for Opening the SRM Ampoule

If the SRM solution is to be diluted. it is recommended that the diluting solution have a composition
comparable to that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in it.
Work in a fume hood. In addition to the radioactive material, the solution contains strong acid and
is corrosive.

Shake the ampoule to wet all of the inside surface of the ampoule. Return the ampoule to the
upright position.

Check that all of the liquid has drained out ot’ the neck of the ampoule. If necessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a scribe or diamond petted.

Lightly wet the scored line. This reduces the crack propagation velocity and makes for a cleaner
break.

Hold the ampoule upright with a paper towel. a wiper, or a support jig. Position the scored line away
from you. Using a paper towel or wiper to avoid contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards
you.

Transfer the solution from the ampoule using a pyenometer or a pipet with dispenser handle.
NEVER PIPETTE BY MOUTH.

Seal any unused SRM solution in a flame-sealed glass ampoule, if possible, to minimize the
evaporation loss.

See also reference [4]*.

SRM 4330A, p~C 2 of 6 ● Notes and references are on pages 5 and 6.
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PROPERTIES OF SRM 4330A
(Cefiified vaiues are shown in bold type)

1
Source identification number NIST SRM 4330A

Physical Properties

Source description Liquid in flame-sealed NIST borosilicate-giass ampoule

Arnpoule specifications Body outside diameter (16.5 f 0.5) mm
Wall Thickness (0.60 t 0.04) mm
Barium content Less than 2.5V0
Lead-oxide content Less than 0.02910
Other heaw elements Trace quantities

Solution density (1.089s * 0.002) g“mL‘1 at 24.9 ‘C [b]”

Solution mas Approximately 5.5 g

Chemical Properties:

Solution composition Chemical Concentration Mass Fraction
Formula (mol*L-l) (g”g-’)

H20 51 0.84
HN03 2.8 0.16

HC1 0.02 0.0007
~39Pu*6 8 X 10-8 2 x 10-8

Radiological Properties:

Radionuclide P1utonium-239

Reference time 1200 EST. 4 December 1995

Massic activity of the solution (c] 37.90 Bq*g - 1

Relative expanded uncetiainty (k= 2) 0.72% [d] [e]

Alpha-parncle-emitting impurities None detected [fl

Photon-emitting impurities None detected [g]

Half lives used in the decav Plutonium-239: (241 19 A 26) a [h]
corrections

Calibration method NIST “O.lx”a defined-solid-angle counter with scintillation
detector and IWO4xa liquid-scintillation counting systems

SRM 4330A, page 3 of 6 “Notes and references are on pages 5 and 6.
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[3]

[b]

[c]

[d]

[e]

[fl

k]

NOTES

The Sievert is the S1 unit for dose equivalent. See reference [1]. One pSv is equal to 0.1 mrem.
Distance from Arnpoule (cm): 1 30 100
Approximate Dose Rate (+Sw’h): <0.1

The stated uncertainty is two times the standard uncertainty.

Massic activity is the preferred name for the quantity activity per unit mass. See reference [1].

The reported value. y, of massic activity (actwity per unit mass) at the reference time was not
measured directly but was derived from measurements and calculations of other quantities. This can
be expressed as y = f(x~,x~,x~, . . xtt)! where ~ iS a mathemati~ function derIved from the assumed
model of the measurement process.

The value, xl , used for each input quantity i has a standard uncertainty, ~(~i)j that generates a
corresponding uncertainty in v, Ui(y) = I@/&: I . U(xi), called a component of combined standard
uncertainty of v.

The combined standard unce~inty of v, Uc(y), is the positive square root of the sum of the squares
of the components of combined standard uncertainty.

The combined standard uncertainty ]s multiplied by a coverage factor of k = 2 to obtain U, the
expanded uncertainty ot’v.

Since it can be assumed that the possible estimated values of the massic activity are approximately
normally distributed with approximate standard deviation UCW),the unknown value of the massic
activity is believed to lie in the interval y * U with a level of confidence of approximately 95 percent.

For further information on the expression of uncertainties, see references (2] and [3].

The value of each standard uncertainty component, and hence the value ot’ the expanded uncertainty
itself, is a best estimate based upon all available information, but is only approximately known. That
is to say, the “uncertainty of the uncertainty’ is large and not well known. This is true for
uncertainties evaluated by statistical methods (e.g., the relative standard deviation of the standard
deviation of the mean for the massic count rate is approximately 50VO)and for uncertainties evaluated
by other methods (which could easily be over estimated or under estimated by substantial amounts).
The unknown value of the expanded uncertainty ISbelieved to lie in the interval U/2 to 2U (i.e., within
a factor of 2 of the estimated value).

Estimated limits of detection for alpha-particle-emitting impurities are:
0.04 a*s-i*g- 1 for energies less than 4.9 MeV and
0.001 a*s-l*g- 1 for energies greater than 5.2 MeV.

From mass-spectrometric measurements performed by the supplier, the massic activities of other

$&~te~#~uclides (in ‘~;~~l a~wrenw time) are:
“ 24’Pu: =0.02; :~lhl: 4Hx!a9. . . :=.

From the photon measurements below, we h;ve 241kx s0.0006

Estimated limits of detection for photon-emitting impurities are:
o.ooo200y”s-l”g- i for energies between 42.5 and 90 keV,
0.000080 y*s-l*g- ‘ for energies between 102 and 125 keV,
o.fXM030y”s-’”g- 1 for energies between 133 and 1456 keV, and
o.m8 y“s-’”g- 1 for energies between 1465 and 3500 keV,
provided that the photons are separated in energy by 4 keV or more from photons emitted in the
decay of plutonium-239.

SRM4330A.page 5 of 6



[h]

[i]

h]

[k]

[m]

[n]

[P]

[d

[1]

[~1

[3]

[4]

[5]

The stated uncertainty IS the standard uncertainty. See reference [5].

Relative standard uncertainty of the input quantity xl

The relative change in the output quantity y divided by the relative change in the input quantity xl.
If I@/&q [●(xi/y) = 1.0, then a 1% change in x, results in a 1% change in y. If I@/&i I●(xi/y) = 0.05,
then a 1% change in x, results in a 0.05~c change in v.

Relative component of combined standard uncertainty of output quantityy, rounded to two signitlcant
figures or less. The relative component of combined standard uncertainty of y is given by ui@)& =
]@/~r I““(xj)~ = I@’/~; I“(x,/V)“ ~t(x,)l.r,. The numerical values of u(xi)/~i, I@/~i I●(x/Y), and ~i(y)/y,
all dimensionless quantities, are listed in columns 3, 4, and 5, respectively. Thus, the value in column
5 is equal to the value in column 4 multiplied by the value in column 3. The input quantities are
independent, or very nearly so. Hence the covariances are zero or negligible.

The relative standard uncertainty of Act is determined by the relative standard uncertainty of X (i.e.,
of the half life). The relative standard uncertainty of r is negligible.

l@’i&,l”(xi/~)= jA”fl

The live time is determmed by counting the pulses from a gated oscillator.

The standard uncertainty for each undetected impurity that might reasonably be expected to be
present is estimated to be equal to the estimated limit of detection for that impurity, i.e. u(xi)/xi =
100%. I@/&i I“(xj/y) = {(response per Bq of impurity )/(response per Bq of Pu-239)} ● {(Bq of
impurity )/(Bq of Pu-239) }. Thus ui@)/y is the relative change in v if the impurity were present with
a massic activity equal to the estimated limit ot detection.

REFERENCES

International Organization tor Standardization ~ISO), ISO Standards Handbook - Quantuie.rand Units,
1993. Avaiiable from the American National Standards Institute, 11 West 42nd Street, New York,
NY 10036, U.S.A. 1-212-642-4900.

International Organization for Standardization (1S0), Guide (O [he Expression of Uncertainty m

,Weasurernent, 1993. Available from the American National Standards Institute, 11 West 42nd Street,
New York, NY 10036, U.S.A. 1-212-642-4900. (Listed under 1S0 miscellaneous publications as “ISO
Guide to the Expression 1993”.)

B. N. Taylor and C. E. Kuyatt, Guidelines for Evaluating and Expressing the Uncerrauuy of NIST
Measurement Resuh, NIST Technical Note 1297, 1993. Available from the Superintendent of
Dccuments, U.S. Government Printing Office, Washington, DC 20407, U.S.A.

National Council on Radiation Protection and Measurements Report No. 58, A Handbook of
Radioacnvity Measurements procedures, Second Edition. 1985. Available from the National Council
on Radiation Protection and Measurements,7910 Woodmont Avenue, Bethesda, MD 20814 U.S.A.

Evaluated Nuclear Structure Data File (ENSDF), December 1995.
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Reporting Format

The following reporting format was provided to the participating laboratories to organize
the relevant information on their measurement protocols, results and the associated
uncertainties.

Results
23gPuin

of Measurement
Synthetic Urine

1. Please use this data reporting form for the submission of analytical results. Twenty-
five samples of 2mPu spiked unstable synthetic urine (< 74000 nBq/sample) have been
provided for this study. Because the long-term stability of the plutonium in the synthetic
urine has not been determined, please analyze the total content of each bottle of
sample (i.e., use the total content of a bottle for a single measurement), and report both
the total activity and massic activity for each measurement result. Since the long-term
stability of the samples has not been determined, it is strongly advised that each
sample bottle is rinsed with >3 M nitric acid, and the rinse solution be analyzed with
the sample. The reference date and time for your reported results is:

12.00 no n EST. Febru w 2. 0 a 6.1997

2. Report 239Pumeasurements in Bqg-l of solution. Report total combined standard
uncertainty as 1s (’?40).

Sample Number Total Activity (Bq) Massic Activity Uncertainty (% 1s)
in each Bottle (Bqg-l)

Fn:kin@aeUpuurine. pap/September 11, 1997



3. State the *1s “standard uncertainty” components (random and systematic) which
comprise the combined standard uncertainty. These may include, but-are not
limited to the following:

Uncertainty due to calibration factor/efficiency = ‘/0 .

Uncertainty due to dilutions/source preparation = ‘/0 .

Uncertainty due to impurity corrections = ‘/0 .

Uncertainty due to tracer calibration = ‘h.
Uncertainty due to gravimetric measurements = %.
Uncertainty due to spectral interferences = 0/0.

Others; please describe.

Fn:kinntyaeUpuurine.pap/Septembw 11, 1997



4. Describe in detail how the TEST samples were used, (i.e., give a detailed
chronological description of the handling of the samples from the time they were
opened to the time of reporting of results). This should include a description of
solution transfer methodologies, chemical yield tracer additions, chemical
separation used, measurement source preparation, storage of samples, etc.
Please attach a se~arate Daae if necessarv.

5. Describe the type of measurement system used, including a general description of its
operation. Also indicate the type of analysis software utilized for any
calculations and/or corrections applied to raw measurement data if applicable.

Fn:kinnlyaeVpuurine .pap/Septembef 11, 1997



6. Using actual measurement data, calibration factors,
calculation showing how the massic activity and

corrections, etc., give a sample
uncertainty values reported in

section 2 were determined. Identify all values used, e.g., efficiency, calibration
factors, mass, volume, decay correction, etc.

.
ch a separate sheet If

IM?=SSU.

a

7. Please provide any additional information about your measurements that needs to
be considered for the interpretations of the results.

Fn:kinn/yaeUpuurine .pap/September 11, 1997



8. The deadline for submitted results is May 16, 1997. Please address results and
technical questions to:

Kenneth G.W. Inn Phone: 301-975-5541
NIST
245/Cl 14

Fax: 301-869-7682
email: kenneth. inn@nist.gov

Gaithersburg, MD 20899
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Attachment V

BNL ICP-MS Report
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June 6.1997

Dr. Kenneth G.W, Inn

NIST
245/C 114

Gaithersburg, MD 20899

Dear Ken:

Many thanks for calling us concerning the fission track analytical and ICPMS data we
reported to you on May 22nd, In this regard, please note the following corrections which we

discussed this morning concerning data from fission track analyses:

1. For sample PUR0297-53, please change the reported massic activity from 31.3

pBq/kgm to 31.1 pBq/kgm,

2. With reference to the first paragraph on page 2 of my letter, we incorrectly identified

the two samples lost during processing. Instead of using your sample identification
numbers, we reported our internal fission track numbers. Thus what we reported
earlier as sample PUR0297-34 was in reality your sample PUR0297-33. In addition,
reported sample PUR0297-21 was actually PUR0297-62.

Samples PUR0297-I 2,93 were found to have many fewer tracks than expected (i. e., since

they were part of the 5 replicates labeled as containing more than 1 fCi). As we discussed

during earlier phone conversations, our FTA calibration curve has a maximum of about 500 aCi

since in the normal course of our studies we usually do not encounter samples with much greater

activity. For each these samples we placed droplets from our small column in pairs at three
locations on the quartz substrate (instead of placing all six drops at a single location). Despite

this precaution we still found more than 500 tracks for the first pairs, many of which were

overlapping. Hence our initial estimates are known to be lower than expected. These samples
have been recounted and show no significant changes in track count, Overlapping is attributable

to the manner in which samples evaporate on the substrate, and increases with the amount of ‘*Pu
in the sample. Our best conclusion is that counts of samples PUR0297- 12,93 were lower than



expected, and we attribute this to our inability to distinguish individual tracks when they overlap
in large numbers.

As mentioned, samples PUR0297-4 1,50 were on the same quartz substrate which was

discolored (brown) when returned from the reactor, All other slides in the batch appeared
normal except one, which contained two blanks and a flux monitor, and was returned discolored

and deformed, We were unable to determine whether the discoloration could be related to
objects on the slide (some recorded as tracks), and decided to report our findings as acceptable.
These samples will also be recounted.

We are perplexed by sample PUR0297-4 I for another reason. As we mentioned in our

conversation, the location of this sample on the quartz substrate may have originall y been incorrect y
indicated in our logs. We surmise that we correctly identified the sample by comparing the pattern

of tracks actually found with a sketch of the evaporated sample in our data book. Under normal

operating procedures we would have reanalyzed this sample before reporting a result.

Records for samples PUR0297-5 1,91 have been reviewed and all appears in order. Under

our normal protocol to minimize chances of false positives, we would have reanalyzed sample
PUR0297-51 before reporting a result.

Apropos the ICPMS data, Rich Pietrzak is sending you a revised letter today, To

summarize his findings, sample PUR0297-46 had a uniquely low chemical yield when compared
to the entire set. The consequence of this is that the MDL for this sample alone is estimated at 5
pBq. Records for sample PUR0297-36 have been reviewed and all appears in order. There
were also two typographical errors in our original letter, On page 2, item 3,5, change 12°/0 to
9%. On page 3, next to last line from bottom, should read 55,6 pBq.

Thanks again for your interest. We look forward to hearing from you concerning these

results.

Very truly yours,

.&.&l?. 5
,-j)’-(.”’

Anant Moorthv. Ph. D

Richard Pietrzak

Edward Kapla~, Ph D., Group Leader

Radiological Sciences Division

EK/mcb



June 6, 1997

Dr. Kenneth G.W. Inn
NIST
245/c n-l
Gaithersburg, MB 20899

Dear Ken:

We are taking the libe~ of reporting the results of the samples you recently sent in letter format, rather than
using the forms, Phase note that the following cm-respond only to the samples analyzed via the mass spectroscopy

analytical prcre.ess

Sarmle Ir)

P(JR0297-16
P(JR0297-18
P[JR0297-26
PUR0297-29
P(JR0297-32
P[JR0297-35
P(JR0297-36
P(JR0297-4-I
P(JR0297-46*
P[JR0297-52
P(JR0297-54
P[JR0297-57
P(JR0297-58
P(JR0297-65
P[JR0297-70°
P[JR0297-71
P(JR0297-74
P[JR0297-75
P(JR0297-79
f’(JR0297-tll
PIJR0297-84
PIJR0297-85
P[JR0297-87
P(JR0297-92
[)[11<0297 -100

Pu-239
J@

3.4
().1
9.0
7.7
8.5

54.9
9.6

28.4
-3.8
31,3

8.8
55.6

3.3

2.8
58.1
-().8
28.3
3.6

55.9
29.2
579
9.4

29.7
().6
0.2

Uncertainty
pBq Lower
[at I sitzma~

31
-().2

8.7
7.5
8.2

54.6
9.4

28.1
-4.1
31,1
8.6

55.3
3,1

26
57.9
-1.1
28.1
33

55.7
29.()
57.7
9. I

29.5
(),3
-(). 1

Urwertainty
pBq Upper
[at I sigma)

3.6
().3

9.2
7.9
8.7

55.1
9.9

28.6
-3.6
31.6
9,1

55.8
3.6
3,0

58.4
-().6

28.6
3.8

56.1
29.4
58. I
9.6

30.0
().8
().4

Pu-239

@l&

16
().3

40
38
39

257
43
136
-19
149

41.5
263
15
12

255
-4.1
134
16

257
136
262
44
138
3

07

/

3



Dr. Kemeth G.W. Inn
June 6, 1997
Page 2

(h detection limit is approximately 50 aCi or 2 IJ Bq. Values below this limit as well M negative results arc

included in the table for the benefit of’ statistical evaluation.

The following correspond to the items on your reporting forms

Item #3:

1) Pu standard w-tiikation uncertainty: Pu-239 5%
Pu-242 ().74~o

2) Pu standard preparation error: 3%
(includes dilution error)

4) Mass Spectroscopy counting error: 3%

5) Pu recovery error in the chemistry procedure: 90/.

Two nmjor areas:
1) Co-precipitation step: 5?40
2) Anion exchange cohunn separation: 7%

Item M: Procedure

The tapes around the glass NIST sample bottle caps were removed and the indi~’iclual weights were
noted. The samples ~vere transferred to phwtic containers Ior the co-precipitation step. To each
crnph bottle, 5 ml 01 corw. I INOl was added and the acid was sloshed around. ‘l_heywere stored
for later addition to the samples. Synthetic urine blanks (a total ot’ seven blanks) and spikes (a total
of’ 16 spikes from I()() aCi to 2000” aCi) ot’volume equal to those of NIST samples \verc also
analvzed along with the samples. Nominallv equal amounts by weight of a Pu-242 tracer solution
wwre added to both samples and synthetic u;ine blanks and spikes, and wwe stirred and allowed to
equilibrate.

‘he pH of each sample WM verified to be less than 2 and rhodizonic acid was added to each sample
( I()() mg for each 1()()ml of sample) and stirred for 15 minutes. Then pll was adjusted to greater
than 9.5 to precipitate calcium rhodizonate that carries the plutonium. An equal volume of’ ethanol
v as added to coagulate the precipitate. and the sample was allo}ved to stand ovcmight or longer.

‘Ilc Glwr supematant was dwanted as much as possible and the slurry at the bottom ww
centrifuged in a polypropylene (PP) conical disposabk centrifuge tube. The precipitate was dried at

. . . . .
<90 L. then dissolved m mtnc aud and transt emed to Teilon mwrowave dlgestmr vcsw s.

. ..>]. T’hc

concentrated [ IN()] \vash contained in the original NIST bottle was also added to the vessels and
micrmvaved to wet acid digest the samples. 11~()~and I INOJ were added during digestion as part of
the micro~vave digestion cycle. “tIre NIST sample bottles were then allowed to dry and \vere
w cighed to determine the tare weight



Dr. Kemeth G.W. Inn
June6, 1997
Page 3

‘k clear solution. kc of organic compounds, was evaporated to near dryness at low heat and the
residue redissolved in 8N HNO,. Ferrous Ammonium sutfate was added while being warmed and
stirred t_ollowed by NaNOz addition. The solution was passed through a conditioned 6 ml of anion

exchange (AG IX4) resin, washed with 120 mL ot’ sub-boiled 8N HNO, followed by 90 nd, of sub-
boikd 6N HC1. Plutonium was eluted by 30 mL of sub-boiled 6N HC1-(). 1N 111into a tapered-
quartz thimble and evaporated to dryness at about 90 degree centigrade.

Ille next set ot’ procedures were performed inside a class 100 hood. The solution was taken up in
8N lIN(), and trarrs!krred to small conicat Tetlon vials and again evaporated to d~ness at about
90 “C. “Ike residue of plutonium was taken up in 100 pL of 4N HN03 and tilkred through 2 pm
polypropylene syringe tihers into I ml, conical storage vials.

Item #5:

The samples were aspirated into the mass spectrometer for analysis. A HP4500° ICP-MS was tittcd
with a micro-concentric nebulizer for sample delivery to the plasma torch. A torch shield wzs used
to minimize the instrument background. “Ilre instrument was tuned for maimum sensitivity \vith a
I() ppb “IlralIium solution in 2% HN03. The quadropok gain WM adjusted to center the peak
maxima for Pu-239 and 242. An aggregate accumulation time of 108.5 sec was used for each
analysis. This process consumed the entire sample,

Item #6: Example calculation made for sample PUR0297-57

ICP-MS Number MS97-74
Sampk ID: P(JR0297-57
Sample Mass: 211.3 (gin)
Accumulation period: 108.533 sec

Pu-239 (fg) = [Pu-242 i~]*(C239-11239 )/( C242-B242)

for sample P(JR0297-57

C239 = 4624 counts at rule 239
11239 = 315.7 average blank counts at mk 239
C242 = 8349
E3242 = 315.7
PO-242 =44 53 t-g

Po-239 = 44.53 (4624-315.7)/(8349-315,7)

Po-239 = 23.88 t-g = (23.88 Ig) (().01592 t_g/aCi) = 1500”aCi = 55,6 @3q

“Ile concentration is:

[III-239 I = Auti\i~/sarnple }veight
= 556 )113q/1).2113 kg

= 263.() pBq/kg



I)r. Kcnne(h (i. V’. Im
June 6.19°7
Page 4

‘Ile performance curve of obsewed Pu-239 aclivity versus the known ratio of Pu-23’J 10 RJ-M2.
obtained with the results of synthetic urine blanks and spikes, was used !O obtain linear regression
parameters to evaluate the uncertainty in the sample measurements.

[Jsing this tdurique, \re obtain iwtivih in sample P[JR0297-57 1500” +/- 14 aCi at the I sigma
confidence le~el.

Expressing these in pBq, we usc the conversion factor= ().037()37 pBq/aCi to obtain 55.6
+ 0.5 pBq. For masic activi~, divide activities abo~,e by comesponding sample maw (21 l.3 gm in

this caxc) to obtain 263 pBq/kgnl.

With the delive~ of the results for both fission track and mass spectroscopy analysis \ve would like to have
the actual spike levels for each sample so that wc can further cvaluak the results. Moreover. these comparisons are
necessary for the FY98 program planning, which wz are now in the process of formulating and will bc repoflcd to
DOE within the next several weeks, If there are any questions, plcme feel free to call eitherofusat(516) 344-5539
(R. PietrzaJi)or(516) 344-2007” (E. Kaplan).

Sincerely yours.

Richard Pietrzak

E;dward Kaplan, Ph. D., (houp I,ca&r
Radiological Sciences Division

EK/mcb
encl.
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BNL FTA Report
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May 22.1997

Dr Kmncth (i. W. Inn
NIST
245/Cl14
{iaithershurg. MD 208!W

Dear Ken:

We arc taking the Iibmty Uf reporting the results of the samples you recently sent in kttcr Iomwt, rather than
using [he forms you provided, Please note that the t’ollowing correspond only to the samples analyzed \ria the lission
track analytical process.

Sample
Number

P(JR0297-01”
P(JR0297-(M
P(JR0297-(M
PIJR02!)7-08
P(IR0297-12
f’llR0297-15
I’(IR0297-20°
P(IR0297-31

PIJR0297-40°
1’(JR0297-41
1’(JR0297-42
PI IR0297-50°
P(JR0297-51
P(IR0297-53
P(JR0297-59
P(JR(~297-60
1’1IR0297-63
PI IR(1297-73
1’(IIU)297-80
PIJR0297-83
I’IJR0297-91
P(JR0297-93
1’(JIU)2’)7-96

Total Activity
in Each
Bottle
(p13q)

*

2.5
(),7

I .7
27.1

*

23.2
11..t
10.O
18.2
57.()
2.6
9.1
6.9
6.1
3.1
2,9

48.9
3’$.1

*

3.2

21.6
*

(Uncertainty
(one sigma)’

(1.o\4eriVpper)
(pBq)

*

2212.8
().4/1.() ‘

1.4/2.()
26,8127.5

*

22.9/23.6
11.1/11.7
9.6/lo,3
17.8/18.5
56.5/57.5

2.312.9
8.8/94
6.6172
5.8/64

2,8/34

2.5132

48.5/49.4

33.7/34,5
*

2.8135

21.3/22.()
*

Mwsic
Activity

(@q/kgnl)

*

11.1
3.3
7,8

123
*

100”
52.5
44.9
77,6
275
12.3
42.4
31.1 1
27

14.3
12.5
237
161
*

14.1
10’$
*

lSw c\planation I’or ilcnl 6



Dr. Kenneth G.W. [m

May 22.1997
Page 2

Items below our detection limit (3 sigma of blanks approximately 20-25 aCi, (),7- 0.9uBq) are indicated with
an asterisk. Two samples were lost during processing: sample P[JR0297-034 was lost w it wm being placed onto [he
substrate, and sample PUR0297-02° 1 was contaminated with plutonium that was intended for use as a flux monitor.

Please note that had we followed our standard protocol, where we process only part of the sample. we would have
been able to reanalyze these two lost samples.

Based particularly on our Marshall Islands experience, and as we state in our publications, we are more
concerned with false positives than with false negatives. We therefore use this same protocol to reanalyze samples
over lox our detection limit. Unfortunately this was not possible using your instructions, For the same reasons, \vc
also usually report our results at the 9~0/o cordidence level, rather than 1 sigma, as you requested.

The following correspond to the items on your reporting forms

item #3:

I ) Pu standard certification uncertainty: 5%

2) Pu standard preparation error: 3%
(includes dilution error)

3) Thermal neutron flux error: 1OVO

(includes uncertainty in Pu quantity in the flux)

A L
4) Fission Track counting error: 3’%.

ff&

d

5) Pu recovery error in the chemistry procedure: 15%

(Three major areas:
~LA#.~ ~~

I ) Co-precipitation step: s~.

2) 1st column separation: 7%, and
3) micro-column separation: 12%)

\

Calibration curve:

L
The calibration curve reilects [he mm-total of all the aforementioned errors. An additional unccrl “ ty
is the variation found in tracks for s~nthetic urine (i.e., tission tracks attributable to 239Pu in the reagents

and interfering tission tracks from ~3$LJthat is also present in the reagents and the process). This
uncertainty affects the estimation of 2’9Pu concentration in samples to a varying degree. that is. it is
higher tbr activih closer to the MDI. than it is tor activities at the higher end of the calibration region.
I;or example, 70 aCi samples, at the 99% confidence level the error can be about 60%, and at 200”aCi
levels. it can be about 3(W0.

Item #-l:

~l~e tapes around the glms NIST sample bottles were removed and the individual weights were noted.
The samples were transferred to plastic containers for co-precipitation step. The empty bottles were
weighed and noted. To each empty bottle. 5 ml of corw. HNO~ was added and the acid }vas sloshed
around. They were stored for later addition to the samples. Synthetic urine blanks (a total of sc~ren
blanks) and spikes (a total of 16 spikes from 10() aCi to 400” aCi) of equal volume to those of NIS”I
samples ~vere also analvzcd along \vitll the samples.

/

+42



Dr. Kenneth G.W. Inn
May 22, 1997
rage 3

The pH of each of the sample was adjusted to between 2 and 3 and rhodizonic acid was added to each
sample (100 mg !’or each 100 ml sample) and stirred for 15 minutes. Then pH was adjusted to greater
than 9.5 to precipitate calcium rhodizonate that carries plutonium, An equal volume of ethanol w~s
added to coagulate the precipitate, and the sample was allowed to stand overnight or longer.

The clear supematant was decanted as much m possible and the sl~ at the bottom ~vas centrifuged
in a polypropylene (PP) conical dkposable centrifuge tube. To each centrifuge tube cone. I INO~ wash
contained in the original NIST bottle was added and microwaved for wet acid digestion. I {joz and
IHNOl were added during digestion as parI of microwave digestion program.

“IIN clear .sohrtion. !kee of organic compounds, was evaporated to dryness at low heat and the residue
re-dissolved in 8N HNO~, Ferrous ammonium sulfate was added while being warmed and stirred
followed by NaNO, addition. The solution was passed through a conditioned 6 ml of anion exchange
(AG1X4) resin, washed with 3 column volumes of rob-boiled 8N HNO., followed by 3 volumes of sub-
boihxl 6N HCI. Phrtonium was eluted by 7 column volumes of sub-boiled 6N }ICI-(), IN HI into a
tapered-quartz thimble and evaporated to d~ness at about 90 degree centigrade.

The next set of procedures were performed inside a CIMS 100 hood, The solution is taken up in 8N

HNO., and passed through a 12 pl micro-column of an anion exchange resin to remove uranium and
other ions. Plutonium was eluted in three drops which were collected on a cleaned Suprasil surface,
dried under an infrared lamp, packaged under vacuum and irradiated using a thermal neutron iluence
of’ 9E16 rr/cm2.

Afier irradiation the slides were cleaned and ctchcd in cone. HF for 105 seconds. The enlarged tracks
l~we counted under a microscope.

Item #5:

During tission track counting, a slide was loaded onto a holder and placed on a stage under the
magnifying lens of a microscope. As per the flow diagram of attached Iigures, each Supra.sil slide \vas
divided into three equal lcmz areas with each area representing a sample (Right, Center and Left). Each
area ot’ 1 cm? was further divided into a 24 x 34 (816 frames) matrix to be examined under the
microscope. A total magnification of 160 is used. A computer program controls the movement of the
stage holding the slide mrtonmtically, from the beginning of a row of frames to the end when the stage
drops to the next row by one frame and the scanning continues until all 816 frames arc completed.
Dur@ scanning the stage can be stopped for counting the tracks. An average of about 15 to 20
mirtutcs is required for each sample.

Item #6: Example calculation is made for sample PUR02!)7-08

I;ission Track Number: 97-()()4

%rnpk ID: P(JR0297-08°
Sample Mass: 216.5 (grn)
Tracks: 70

Calibration uume using blanks and spikes gives:

Tracks = bfl + b] * (Activity [aCi])

tl here: b.= 20.47

b,= 1.08



Dr. Kenneth G.W. hm
May 22, 1997
Page 4

For an inverse regression. we obtain (see Eq. [1 ,7.5] from Draper, N.R. and H. Smith, Armiied Regression
Analvsis, J. Wiley C%Sons. 1981, pp 47-5 1).

}

x“ = ~ + bl(yo - y)* fd[(yo – ~’/&xl+ (b12/n) – (t2s2/nSxx)}”2
X’ b, 2 – (t2s2/Sxx)

where:

X = activity of a urine sample,
Y = tracks found for a urine sample.
s = v~~ce about the calibration curve,

S== sum of squares of residuals of activities in synthetic urine spikes,
t = Student’s t-distribution with n-2 degrees of freedom at some spec~led cotildence level,
n = nuber of synthetic urine blanks and spikes,

XbU = average activity of synthetic urine spikes used in calibration curve,
Y&= average tracks of synthetic urine blanks and spikes used in calibration curve,

and where 1 + I/n should be used instead of l/n to reflect that an individual observation is being used (instead of a
population mean).

Using this equation. we obtain activity in sample PUR0297-08 of 46 + 9 aCi at the 1 sigma confidence level.

Expressing these in uBq, we use the conversion factor 0.037037 uBq/aCi to obtain 1.7 + ().3 uBq. For massic
activity, divide the activity by the sample mass (2 16.5 gm) to obtain 7.8 uBq/ligm.

As I mentioned in Our recent phone conversation. md as confiied with Neil Barss (DOE/EH-63), we
expect to report results using ICPMS by May 30th.

Very truly yours,

.F& UA

Anant Moorthy, Ph.D.

EKljk
encl.

Edward Kaplan,Ph. D., Gkmp Leader
Radiological Sciences Division
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Attachment Vll

LANL TIMS Report
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Results of Measurement of’% in Artifkd Urine
Los AlamosNational Laboratory

Contact Poraon:Mwes Attrop, Jr. (SW) 667.0088

1, Ploasc use this data re @ form for tbc submission of analyticalresults. Twenty-five
rsamplesofn%s ike unstable artlficid urine (<l0,000aC!i/sam le)have been

f Jprovided for &is stu y, Pkase analyze the total content of each bo e of sample, and
report tbe individual measurement radts. The reference date and time for your reported
remllts W

26. 1997

2. Report mmmrement in Bqg”l of solution, Report total combined standard uncertainty
as 1s (%).
Table I. Los Alamos National Laboratory Results for Plutonium Samples.

..
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3. Thc*ls'`standard uncertainty'' componems( randomands yetematic)whichcompdm
thecombined standard uncertainty. llesemay include, butnotlimited tothc following:

UncmM.nty due tocxdibration factodcffickncy
Uncertainty due to dilutiomhource prepsration: ;2
Uncarudnty due to impurity confections: ND
Uncertainty due to tracer calibration: 0.25%
Uncertainty due to gravimetric measurements: -O.l%
Uncertainty due to s~tral interferences: -0.1 %
Others, please describe.

The errors reported for these results are reflective of the uncerttdnties of the
thermal iordzation measurements, These uncertainties are Iarger than the
uncertainties due to other meswurements (wei@& etc.) stated above.

4. Describe in &tailhow the TEST samples were UW (i,e,, give a &tailed chronological
description of the handling of the samples from the time they wem oponed to the time of
reporting of results), This should include a descriptionof solution transfermethodologies,
chemical kld tracer additions,chornicalseparationuwxl measurementsouxe preparation.

fstorage o samples, etc. nee-

Note The procedures and other information are included in the report and are
not placed on separate pages,

The standard procedure for plutonium bioassay samples at Los Alamos
National Laboratory was used for these samples, This included (a) preparation
for alpha coun~ (b) stripping off diet and preparation for TIMS, and (c) TIMS
analysis and data reduction. This includes a calcium phosphate precipitation
and a nitric acid column purification before electro deposition and counting,
Following counting the plutonium k stripped from the discs and purified by
two columns before TIMS preparation and instrumental analysis,

1.0 Removing Sample from Bottles

1,1 The samples wae logged into the sample management system and stored
at-4’ C until they were delivered to TA-48 for processing, Upon arrival at TA-
48, RC-45, our clem room facility, the samples were stored in a refrigerator at
-4 C until processing commenced,

1,2 Sets of 12 samplee which included QA samples and processblanks were
taken to the first laboratory for initial processing. The outer plastic cover wee
removed and the lids were unscrewed to allow the pressure in the bottles to
come to our atmospheric pressure and the lids were rescrewed,

1.3 The sampleswere thenweighed on a dngle pan balance (+ 0,3 g), Fmm
each sample 0,5 mL was removed for rnaldng a specfic gravity measurement.
The bottle was then reweighed, The contents of the bottle were then delivered

2
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intoanew, cIean400mLbeaker. The bottle wasthen rinsed three dme6with
apprwdrnately 3 mL of 8 M HN03 and the contents added to the beaker. The
bottle and cap was then rinsed with water and allowed to dry before being
reweighed. The amount of sample waa determined from the weighings,

2,0 RadiochemicaI Purification Procedure

2.1. Prcvanztion of 5(90g of Bio-Rad AG I-X4, 100-200mesh main b tbe anion
@lam?l? of pluivnium,

2,1,1, To remove the fines, pour 500 g of resin into a 2-L beaker and add water
to give a volume of approximately 1600 mL.

2.1.2. Stir the slurry on a magnetic sttmer for 20 min.

2,1.3. Slowly decant the water along with the fines when the bulk of the resin

settled.

2.1.4. Repeat Steps 2.1,1 to 2.1.3 two using 8 M HNOa instead of water. A final
rinse is made with water.

2,1,5. Store the resin slurry in the orginal bottle in water,

2.2, Chemical sepadon of plutonium in wnp&, ~fi Vl,4&, -’,,, 1,

2.2.1.

2.2.2.

22,3.

2,2,4,

2.2.5.

2,2.6.

2,2,7,

2.2.8.

2.29.

Add 5 to 10 drops of l=octanol to the sample if sample is foamy,

Add 1,0 mL of the ~Pu tracer solution, ~j,r,~,,, \k’”N

Add 200 @of C4WJ)2 solution. Y
%“’”+

Add 1 mL of concentrated H3POA,

Add 10 rnL of 30% HzCb

Add 100mL of COIIC NI-WH.

Cover the beakers with Parafihn~ and Iet sampks precipitate overnight,

Remove the Parafil.m~ and decant if the solution is clear,

Pour the remainhg slurry into e 250-mL Teflon bottle. Screw cap om

2,2.10, Cenkifuge for 5 min.

3
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2,2.11. Rernovecapand pouroffsupernatant solution.

2.2.12, AddanequalamountofconcHNGtothepmcipitateslurryarldcap
kmseIy. Swirl todiwolvep articlesa dheringtot hesurfaceo fthebottle.

2.2,13, Add 75 mL of 8 M HIW to the bottle. Heat on the hot plate that hae a
surface temperature of 120-150° C for 1,5 hours,

22.14. Cover samples and transfer to ckan room. ,Akw

23. Anion exchtwe sewimtion,

2,3,1, Put a plug of glass wool into the bottom of the anion exchange column
and fill the column with AG l-X4, anion exchange resin to a height of 6-7 cm
Wash the column with l-kOuntil the resin column maintaina a constant level.

2.3.2, Wash the cohunn reservoir with 75 mL of 8 M HNOg and allow the
solution to pass through the column. Discard the eluent,

2,3,3, Pour the sample into the column reservoir,

2.3.4. When all of the sample has been transferred to the column reaervotr and
has completely drained, rime the bottle with 8 M HNG and pour the washings
into the column reservoir, Wash the bottle two additional times with 5-1o mL
8 M HNG+.

2,3,5. When the 8 M HNCh solution has drained, wash the wallB of the
reservoir with 8 M HNQ. Repeat this washing three additional times.

2,3.6. Fill the reservoir with 75 mL of 8 M HNCh, drain down to the top of the
column,

2.3.7. Place a 100-mL beaker under the column after all the wash solution has
flowed through the column.

23.8. Add 2 mL of 5% NaHS04 solution to the 100-mL beaker,

2,3,9, Add 2S mL of 0.36 M HCLO.01 M HF eluting solution to the cdurnn

2,3.10. Collect the effluent in the beaker containing the 5% NaHS04. Evaporate
the harry to dryness on a hot plate with a surface temperature of 120-1500C for
tk- G-b m -h h- . . .. . . GL. .- L.LIA_-... .-7 ----- ~lhaa.~e -----~. t.. - i
U* -“. WV .&u& -.uO& Utc 9UAUUU11 I.lla y eyaLLu. AALEJ Ulc Bnluple Alcw Ueen
dried, add 5 mL concen~ated HNOa and 1 mL of 30% &G, Take to dryness on
the hot plate. Repeat HN03-H20z treatment, if necessary.
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2,3.11. Remove beaker from hot plate and allow to COOI.

2,4. Elecbudemsition,

2,4.1. Add4mLofthe electrolyte solution (15%N@0f) tothebeakarand
allow to set for 20-30 minutes,

2.4.2 Engrave backofstainless steel disc withsample numbers,

2,4,3. Aasemble thecell, placing thedisk into the bottom dep~ionof thecap,
and screw together,

2,4,4. Fill the cell with water to test for leaks. Discard the water.

24.5. Add the sample solution to the cell.

2.4.6. Rinse tha sample beaker with water and add the wash to the cell, Fill the
cell with water to within 14 mrn of the top of cell.

2.4.7. PIace the cell in the electrodeposition rack so that the platinum wire
electrode is inserted into the cell. The bottom of the platinum electrode is 12
mm from the stainless steel disc,

2,4,8, Attach the cathode lead to the celI cap,

2,4,9. Turn on the main witch of the ekctrodeposition unit. Set current to 0,5
amps.

2,4.10, Electroplate for 180 rnim

2.4.11, Addl to2mLof 25% NaOHtothe cell andafter60 seconds turnoff the
current.

2.4,12, Pour the solution out of the cell and disassemble the cell, Wash the
stainless steel disc with Hall. Be sure not to touch the surface of the disc,

2.4,13, Dry the disk in the coin holder on the hot plate set on ‘low”; labd coin
holders with sample identl.fication,

2,5. Samples are delivered to count room for a 70,000 sec alpha count.
Following countin~ the samples are returned to clean room for proceshg for
thermal iordzation mass spectrometry analysis,

2.6, sfn”P%vm Stm’nksuSteal Discs and Final Anion Columns b Bioaeeau Samples.

//
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2.6.1. Place the stainless steel disc on top of an inverted 50 mL Teflon beaker,
Add2dropsofconc HFandevaporate todrynessundar aheattip. Add2
dropsofconcHNQ to the discandevaporate todqmess.

2,6,2. Wfieplutifiumhmti&mtiticom~QktiaMti
centrifuge tube. Evaporate the titric acid solution contahi ngtheplutordumto
dryness.

2.6.3. A Po@-PrepTMchromatography column (Bio-Rad) is filled to the 1.8 mL
level with AG MP-1, 50-100 meslv anion exchange resin The resin is
conditioned with three 2 mL additions of 8 M FIN(3.

2.6.4, ‘Thesample is taken up using 2 mL of 8 M HNCb and loaded onto the
cohunn, The sample tube is washed with two l-mL additions of 8 M HNQ and
the wash is added to the cohmm allowing the solution to drain completely
between each addition. Finally, the column is rinsed with three 2.mL additions
of the 8 M HNCb,

2,6,5, A clean centrifuge tube is laced under the column and the plutonium is
J’ehted by adding three 1,5-mL a ditions of 0.5 M HCl folIowed by three 2 mL

additions of the HI-HCI reagent (1:9 ratio, by vohune HI to HCI),

2.6.6. The sample is evaporated to dryness. One mL of cone HNOi ie added and
the sample is evaporated to dryness again. FinalIy 1 mL of cone HCI is added
and the sample is taken to dryness.

2,6.7. A small anion exchange chromatography column is prepared by placing
AG MP-1, 50-100 mesh resin in a disposable pipette tip that is 7-cm in length by
5-mm in diameter. Prewashed quartz wool plug is inserted in the pipette tip
and resin is added to a depth of 2 cm,

2,6.8. The column is conditioned with two l-mL additions of a ~HCl
reagent (2 drops of 30% IMh to 10 mL cone HCl) that is freshly prepared,

2,6.9. The sample is dissolved with 1 mL of the H20z-HCl solution and Ioaded
onto the column. The sample tube is washed with two l-mL additions of the
H2GHCI solution and added to the column.

2,6,10, The column is rinsed with four 0.75-mL additions of 8 M I-IN@. The
solution is allowed to drain completely each time before adding the next rinse.

2.6.11, The plutonium is eluted from the column into clean 10 mL quartz test —
tubes using three 0.75-mL additions of cone HBr. Each addition is allowed to
drain completely before adding the next,

2,6,12. The H&is evaporated to dryness.

6
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2,6.13. Sewmdropofconc HNQand7drops ofconcHCIOAare addecltoeach
sample and heated at18@C until dry ina heatblock. The sample iscmledto
roomtemperature andlOdrops ofconc HClare added, l“hesampleisslowly
evaporated in a heat block unffl dry,

2,6.14. The sarnpks are submitted for mass spectrometric analysis.

2,7. 77wrmalbnixufion Mass Spectrwnetric Filament Prevaratign.

The mounting of the previously purified plutonium sample is accomplished by
electrodeposition of the pIutonium with a mall qumtity of platinum. A larger
quantity of platinum is then electrodeposited over the plutonium to provide a
diffusion barrier which dissociates plutonium molecular species and provides
high ionization efficiency,

2,7.1. The electrodeposition apparatus is usembled with parts that have been
cleaned and stored in the ckan room.

2.7.2.One hundred p.Lof 1,5 M NH4CI (buffered to pH 2.8 with pure ammonia

gas) and 10 pL of 1.5 M HCI are added to the quart tube containing the
chemically purified plutonium sample.

2.7.3, The solution is warmed with a heat lamp for 2 minutes and 5 pL of 13NS

(d.ihydrogen dinkrosulfatoplatlnate (II), 2 pg/mL in 1.5 M HCJ) is added,

2.7.4, The solution is transferred with a transfer pipette to the filament on the
electiodeposkion apparatus and electrolyzed for 20 minutes at 3.4 V,

2.7,5. The voltage is reduced to 3,0 V and 5 pL of plattnum DNS (5~g/mL) is
added.

27.6. Electrolysis is condnuecl for 20 minutes at 3,0 V.

2.7.7. With the plating voltage on at 3.0 V, the electrolyte is rinsed from the
filament with deionized water.

2.7.8, The filament is removed from the plating apparatus and rinsed
thoroughly with deiordmd water and finally with glass didlled acetone.

/ l.+’ J’@J+

2.7.9. The filament is firat drted under a heat lamp for 10 minutes, The filament

is then resistively heated to 350° C by running 1,25 amps mrrent through the
filament for 5 minutes while the heat lamp is still on.

7
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2.7.10. The filament is placed into the fiIament carrier for imertion into the
mass spectrometer as quickly a~ possible to prevent reabsorption of water onto
the filament

2,7.11. The mass spectrometer with the loaded samples is pumped down to a
pressure of 1-2x IN torr in the source chamber and 2-4 x IV torr in the
analyzer,

2.7.12. The heating protocol for analysis of ph.dm.ium is as folIows:

TabIe II, Heating Protocol for TIMS Analysis.

Approximate Approximate Comments
Time (Minutes) Filament

Temper ature (“C)

o 1100
2 1200
4 1300
6 1400 Begin search for _ peak
8 1450 Optimize ion source
10 1500 Instrument is tuned
12 1550 Start base line acquisition on bases of interest
20 1580 Data acquisition
30 1580 Data acquisition
60 1s80+ Data acquisition should be complete

5. Doscfibethe type of mcaaurcmentsystem used, hcluding a generaldescriptionof its
operation. Also indicatethe type of auatysissofhwm utilizedfor any calculationsandkx
correctionsapplied to raw nxamrement data lf applicable,

1.0, TIMS Data Collection

Measurements are made on a single stage thermal ionization mass
spectrometer which is housed in our clean room facilities. The end of the
previous section describes the preparation of the sample before making
measurements.

The following is a description of the protocol used for collecting data for the
plutonium bioassay samples. The bioassay samples require the precise
meawrement of the plutonium isotope in the sarnplea, The primary plutordum
isotopea measured are ~% and ml%. When the sigmd or amount of ~Wu is
very low, it IE not reasonable to spend time in trying to measure the W% The

8
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-outof% hdwaysl~w timtiemomtof~. l’hisisreflect edin
the protocol that has been established for these measurements,

Baseline are run in all casee. Measurements will ccxrunence when the% (the
tracer) count rate exceeds 50,0&l counts per second, Upper limit measurements
for ‘~/N~ ratio w continue until the 242.5 mam count rate ffls below 1.5
counts per second. Real measurements will commence at that point,

If the -/% ratio is 3 x I(P or greater, the protocol will dictate a time
symmetric measurement Bequence: 1 block of ~/~, 2 blocks of
W%/%, and two blb of Wl%@Pu, Typical colIecdons of data to create a
block are @~ in figures 1 and 2.

If the ~Tu/WPu is less than 3 x 1(N, then usually I&5blocks of ~Pu/= will
be taken.

Mass Units

[ I I I 1
I

238

start

End

238*9 I 239!5 I I I
239

240s 2415
240

242.s
xl 242

Figure 1. Measurement Sequence for Acquiring One Block of 239/242Data.

~imi Sequence of Mew SpectrometricMeasurements if - ratio
1sless than 3 x I@. Numbers in block are typical l-second counte at that meeo
regiom The number of l-second counts may vary.

9
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1

End

Pigure2. MeaeurementSequenceforAcquiringOneBkkof_Data,

Typica.l Sequenceof Mae@SpectmmetricMeamrernents if241@9ratio
isgreaterthan 3xl~5. Numbers in bIockaretypical l-eecondcounts atthatmass
regiom

6. U* actual measurement data, calibration faotors, comctions, etc., give a sample
calculwon showin how the massic activityand uncertaintyvalues reportedin section 2
were determined. k dentify all values IM# e.g., efficiency,calibration factors, mass,
volume, decay corrections, etc.). ~ if ~

1.0. TIN@ Data l’re~tment

The following example is given for a bioassay eample calculation, Becauee the
actual sprea&heets and caIculatiom are extensive onIy pertinent portions of it
are given to illustrate the steps of the calculations and associated statistics
involved in the TIMScalculations,

10
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Thisisndoneoftha Bamdes revortedinthi~tworL

Thecountratestaken ineachblockareaveraged andthebackground countsare
subtracted, Five blocks ofdataare represented in Table Iwherethedatau
treated with regards to acceptance.

1.1, Column 1. These are the W%@?Pu ratios that have the backgrounds
subtracted.

1,2, Column 2+ This column has the corresponding standard deviations (SD) of
the measured -/W% ratios,

1.3. Column 3, The ratio divided by the standard deviation (SD) squared is the
first element in determining a weighted average.

1.4. C&mm 4. The value I/SDz is the weighting factor used for calculating the
weighted average gfven at the bottom of the table with its standard deviation.

1.5. Column 5. The value of the [(average value - individual value)/SD]2 is for
the det ermined the reduced CM Square value. This is determined as 1.836, The
expected CM Square value is 1.140. If the determined CM Square value were
1.140 or less, then the all the data would be accepted with the average and
standard deviation Since this eet of data does not meet thiB criterion,
ChaUvent’s Criterion for rejecdon of data is used,

1.6. Column 6 through 10 are for the purpose of determining which data points
may be rejected us~g the Chauvenet’s Criterion.

1.7. Column 6, St@ing at the bottom of column one the average of the hat
two samples are made and reported at the bottom of column 6. The average in
the box above is for the three last entries. This is repeated until the top number
is the average of tdl the values.

1.8. Column 7. The corresponding standard deviations are given in this
column,

1,9, Column 8. This is the number of standard deviations the measured
239Pu/242Pu ratio varies from the ascending average,

1.10. Column 9. These are calculated Chauvenet’s Criterion values.

11
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1,11. Column 10, The values in this column represent the difference of column
9, ChauveneYs Criteriort andtheabaolute value of thenumberofstandtid
deviations ofcolumn8, Thetesthas beenconstructed sothat allnegative
values may be rejected, The “Deletion Point” is noted on the last negative
value.

The data points are seen graphed in Figure 3.

3@OOE.06

2.6000E-06

2.0000E-06

1.5000E.06

1.0000E.06

S.00006.06

0,0000F+OO

I o 2 4 e 8 10 1$! 14 161

Figure 3. PIot of individual nWu/~Pu values.

1,12. The process of calculating the wei hted average is repeated with the first
Jtwo points rejected. As expected the r uced CM Square is 0.643 for the set of

data and the expected value ia 1,148, This yields an average of 1,149x IN *
6.067 x lIY (% SD = 5,28%), for this example.

1.13. The sample is then corrected for mass fraction (0.0011) yielding a mass
corrected value of 1.145x lW * 6.067 x 10-7(5,28%).

1.14. Process blank contribution to the nWu is subtracted:
(1.145 X1~ k 6.067X lW) - (~,644 Xl@7A 2.154 XI(N) = 1.129X l@i 6,565 X
10@.

,’JJY”*’>>

13 ;4 d

J@

/
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1.15. Theamount oftracer added atthebeginning of theexperiment wasl,O5O
g which contained 7.5245x 1012atoms ~Pu per gram of tracer. Uncertainty in
this value is 0.25% and is not propagated in this calculation. Exactly 1.050 g
solution was added hitially,Thereare7.5245 x 1012atoms W% per g solutioIu
this is 7,901x 10~atorns WRI added.

1,16. The number of% atoms in the sample irdtiaIly is: (1,129x IN k 6.565 x
W’ atoms ~$’Pu/+%) x (74901x 10~ atom ~Pu) = 8.920 x 1(P t 5,191 x l@ atoms
- in the sample measured.

1.17, The half-life used for W?u is 2.410 x I& years. The decay constant, k, in
sed is 9.118x lWS. The number of Bq in the sample measured is 9,118 x IO-13
SW1x 8,922 x 107~ 5.191 x I@ atoms =8.133x lW k 4734 x lW’ Bq In the sample
measured.

1.18. Rememberingthatthesa.rnpIehad 0.5mL removed for a specific gravity
measurement, the correction for the activity in the sample as received is 8.133x
1(N i 4.734 x lW Bq x (225.2 g as received/224.7 g sample measured) = 8.151 x
IN+ 4,745 x 1(H Bq in sample as received,

1,19, The amount of Bq/g sample is (8.151x lW ~ 4.745 x lW) Bq/225.2 g =

3.619 X1(P k 2.107 Xlog Bq/g lMlllpIe.

1.12, The values reported with 3 significant figures would be

Total Activity in
Massic Activity:
Uncertainty

theBottle: 8.13X 10-~ Bq
3,62x 10-8Bq/g sample
5,82% (1s) - ##’f ;@”

7, The &adline for submitted report is May 9,1997.
questions to:

Kenneth G,W. ha Phone:
NIST Fax:
245/cl14 Cxnail:
Gaithersburg,MD 20899

Please ad&css results sad technical

301-975-5541
301-869=7682
kenncth,ina@nist.gov
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[ Donivan Porterfield, 01:38 PM 6/1/97 -, assessment of OR.NL low-level

X-Sender: dporterfield@limsl. lanl .gov (Unverified)
Date: Sun, 01 Jun 1997 13:38:34 -0600

To: kenneth. inn@nist.gov
From: ~lDonivan porterfield, LANL CST-3° <dporterfield@lanl.gov>

Subject: assessment of ORNL low-level Pu in urine PE samples

Pat Brug requested that I send you this draft memo regarding our
results from the special low-level plutonium in urine samples
from ORNL.

The attached file should be in MS Word 6.0.
Attachment Converted: C:\EUDORA\ENCL\CST-ACES .doc

Donivan Porterfield (505) 667-4710
Los Alamos National Laboratory (505) 665-5982 fax
MS K484, CST-3 (Analytical Quality and Chemical Information
Management)
Los Alamos, NM 87545 dporterfield@lanl .gov

Printed for Ken Inn <Kenneth. inn@n$st.gov> 1



To: Distribution
From: Donivan Porterfield, CST-3
Thru: Peggy Gautier, CST-3
Date: DMFT (5/25/97)

Re: Summary of results from ORNL low-level plutonium in urine pilot study

CST Analytical Chernhy has participated in the Oak Ridge National Laboratory (ORNL)
Bioassay Intereomparison study for several years. With the transition of routine plutotium in
urine bioassay anal yses from CST-9~A-59 to CST- 1l~AA18 CST-3 has continued the
participation of Analytical Chernist~ in this study, Three study samples are supplied on a
quarterly basis for the following analytes and matrices and distributed as indicated:

A!!a!Yk Matrix Capability

Americium-24 1 Urine csT-9frA-59
Plutonium Urine CST-1 l~A-48
Plutonium Urine CST-9J-I-A-59

Strontrium-90 Urine csT-9n-A-59
Total Uranium Urine CST-9RA-59

Tntium Urine CST-91TA-59

With the addition of the thermal ionization mass spectrometry (TIMS) capability, ORNL suggested
that they could supply us with a similar plutonium in urine samples but at a lower plutonium spike
level. As a pilot ORNL offered to provide several samples of this type at no charge. This offer
was accepted and ORNL prepared and shipped these samples to CST-3 for submission to CST- 11
for analysis by alpha spectroscopy and TIMS. This memo is to report the results of the analysis of
these supplied samples and invite input in the decision to participate on a regular basis in a low-
Ievel ORNL intereomparison study.

The reportd results will be assessed on the basis of relative bias and relative precision as indicated
in ANSI 13.30 (Performance CriteriaJor Radiobioassay), sections 4.3,2 and 4.3,3. These
seetions provide performance criteria of–O.25 to +0.50 for relative bias and <0.4 for relative
precision.

The samples supplied by ORNL will be referenced with the CST-AC sample number since the
ORNL sample identification used personal identification of the urine donors. In addition to the
four samples provided that were spiked with plutonium-239 there were two samples spiked with
plutonium-238. Since the plutonium activity of these samples was below that detectable by alpha
spectroscopy and TIMS doesn’t report plutonium-238 these results will not be evaluated in this
memo. As well, since the plutonium-239 activity of this plutonium-238 spike is unknown, the
plutonium-239 results for these two samples will not be assessed.



Plutonium-239 by TIMS

Sample ID Known Reported Bias Relative Relative
(aCiAample) (aCi/sample) Bias Precision

97.01029 3040 3234 0.064
97.0

97.0
97.0

030 3070 4258 0.387
0.225 0.229

033 12200 12490 0.024
034 12200 12700 0.041

0,032 0.012

Overall 0.129 0.173

As indicated above all relative bias and relative precision values meet ANSI 13.30 acceptance
criteria at the indicated spike levels.

On the basis of these results, ORNL feels assured in their ability to provide low-level plutonium in
urine intercomparison samples. However, they have also indicated that they would not be
comfortable in providing samples at any lower activity.

With regard to our fiture participation in a routine ORNL low-level intercomparison study we
invite your input on the following issues:

1. That we would participate in low-level plutonium in urine intercomparison study on a
quarterly basis. We envision that this low-level study would be offset from the current
ORNL plutonium in urine intercompanson study.

2. That we would continue to participate in the current ORNL plutonium in urine study
without change for assessment of both CST-9 and CST- 11 alpha spectroscopy
capabilities.

3, At current the plutonium spike standard used by ORNL doesn’t have a know value for
plutonium-240. Should we rquire the ORNL use a plutonium spike standard with a
known plutonium-240 value?

4. With three samples in each study should we request that the activity of at least one sample
be such that we could assess our plutonium-240 quantitation performance? If so, what
activity level would be necessary? Or do we request samples with enhanced abundance of
plutonium-240?

Distribution:

Dawn Lewis, ESH-12
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Pat Brug, CST-3, MS K484
Peggy Gautier, CST-3, MS K484
Nancy Koski, CST-3, MS K484
Carolyn Maedonell, CST-3, MS K484
Jose Olivares, CST-9, MS K484
Edward Gonzales, CST-9, MS K484
Glenn Bentlley,CST-11, MSJ514
Moses Attrep,CST-I1,MSJ514
Tim Benjamin, CST-11, MSJ514
Donald Dry, CST-11, MSJ514
WesEfurd,CST-I1,MSJ514



Moses Attrep, 03:03 PM 8/6/97 +, Re: Intercomparison Results-LA

X-Sender: 098804@cstntl .lanl.gov
Date: Wed, 6 Aug 1997 15:03:17 +0100
To: Ken Inn <Kenneth. inn@nist.gov>
From: Moses Attrep <mattrep@lanl.gov>
Subject: Re: Intercomparison Results-LANL

Ken: Here is the value reported on the final revised report:

Sample 00.35880:
Total activity (Bq) in Each
Massic Activity (Bq/g):
Uncertainty:

Hope this is what you need.

Moses

Bottle: d2.04 E-05 .
9.36 E-08
184.3% ;

Ps Did you get the forms for the visitor?

>Dr. Attrep:
>
>Could you please tell me, again, what value you got for #61,
00.35880? I’ve
>lost the value you gave me over the phone.
>
>Thanks,
>
>Ken
>
>PS: We got
the
>management
>
>
>

the visitor’s forms. I used to have a “Q” clearance, but

here thought my job was low risk and removed my clearance.

>At 11:26 AM 6/5/97 +0100, you wrote:
>>Ken:
>>
>>Thanks for talking with us the other day. I have attached the final
>>results for the Yankee Atomic samples. As we indicated when talking
with
>>you the value of the one sample (#61, 00.35880) did change, but
checking
>>the calculations of the other one we found no change.
>>
>>1 have also attached some comments with the results.
>>
>>Donivan has looked through ANSI 13.30 and did not find the synthetic
urine
>>recipe. We are still looking around. Meanwhile, I’d appreciate
getting

Printed for Ken Inn <Kenneth. inn@nist.gov> 1



Moses Attrep, 03:03 PM 8/6/97 +, Re: Intercomparison Results-LA

>>what was used in this study and compare it with the recipe we used.
>>
>>Thanks.
>>
>>Moses
>>
>>AttaChment Converted: C: \EUDORA\ENCL\Yankee_A.doc
>>Moses Attrep, Jr.
>>Los Alamos National Laboratory
>>MS J514
>>Los Alamos, NM 87545
>>505 667-0088
>>E-Mail: mattrep@lanl .gov
>>

Moses Attrep, Jr.
Los Alamos National Laboratory
MS J514
Los Alamos, NM 87545
505 667-0088
E-Mail: mattrep@lanl .gov

Printed for Ken Inn <Kenneth. inn(lnist.gov> 2
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06/11/97 12:10 FAX 15093762329 PNNL 320 IZI02

Results of Measurement
239’24*Puin Artificial Urine

1,Please usc this data reporting form for the submission of analytical results. Twenty-five
samples of 23g~u spiked unstable artficial urine (> 10000 aCi/sample) have been
provided for this study. Please analjm the total content of each bottle of sample, and
report the individual measurement results. The reference date and time for your reported
results is:

T. Febmarv 26.199 7

2, Report measurements in Bqg-L of solution. Repon totat combined standard uncertainty as 1s

(%).



06/11/97 12:10 FAX 15093762329 PNFJL 320

3, State the +1s “standard uncertainty” components (random and systematic) which comprise the
combmwl standard unccrtaint y. These may include, but are not limited to the following:

Uncertainty due to calibration factor/efficiency = )+ %. @ Z.* dib k)eti
Uncertainty due to dilutions/source preparation = -& %.
Uncertainty due to impurity corrections= & %.
LJnccrtainty due to tracer calibration= 10 %.
Uncertainty due to gravimctric nwasurement-s = [ %.
Uncertainty due to spectral interferences= 2~ %.
Others;pleasedescribe.

KimAlmbpu

7$/
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6. Using actuai measurement data, calibration factors, corrections, etc., give a sample calculation
showing how the massic activity and uncertain y values reported in section 2 were
determined. Identify all values used, e.g., efficiency,calibration fictors, mass, volume.
decay cormction,etc.). Attach asWarate~

.
,

7. The deadline for submitted results is May 16, 1997, Please address results and technical
questions to:

Kenneth G.W. Inn Phone 301-975-5541
NIST Fax: 301-869-7682
245/cl14 email: kenneth.inn@nist .gov
Gaithersburg, MD 20899
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Results of Measurement 239Puin Artillcial

June 11, 1997

Urine: Questions 4 and 5

4) Sample preparation started on May 19. Each sample was transferred as quantitatively as

possible to a tared 400 ML beaker and weighed. A 30 mL concentrated nitric acidaliquot

wasthenaddedtothesamplecuntainer,itwasswirledaroundthewallsforafewseconds,

thentransferred to the 400 mL sample beaker. To the acidified sample, 100p.L of a 116

pg/mL ‘Pu solution was weighed and added as a tracer and internal standard. The

acidified samples were digested by heating atWC for-2hours.Theplutoniumwasthen

coprecipitatedwithcalciumphosphate.Theprecipitatewasisolatedandredissolvedand

wet-ashedwithnitricacidandhydrogenperoxide.Afteraclemsolution was obtained, the

residue was dissolved in -3 mL 2M HNOJ. A microcolurnn of TEVA-Spec~ resin was

W* by p=sing a res~wa~r SIW t~ugh a syfige ~~r. ~ miCrOCOIUUUIis f~t

conditioned with 2 mL 2M HN03 before passing the dissolved residue. After passing the

sample, the column is then rinsed with 2 mL 2M HNOJ, then reconditioned with 3 mL 6M

HCI, and finally eluted with 2 mL deionized water into 10 m.Lplastic test tubes All

samples were eluted by May 27.

On May 29, the samples test tubes were placed in a hot water bath to reduce sample volume

by evaporation. The target volume was 0.5 rnL. By COB May 30, the volume had only

beenreduced downtojustunder1rnL.Thesampleswereremovedfromtheheatandleft

uncoveredover the weekend- By June 2 the volume had reduced to the target value of -0.5

ML. Instrument sensitivity and background were both fairly good when the fmt sample

analysis started on June 2. More than half of the samples were completed on June 2. The

samples were covered with Parafibn overnight. Insttutnent sensitivity waned considerably

after continuing the batch run on June 3. Samples were re-covered while instrument

maintenance was performed to improve instrument response. Performance returned on

.

#-7-/’f5
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0uestions4and5(con(J (ill 1/97

June 6, The second analysis was started Friday (6/6), but other instrument problems

persisted on Fridayand over the weekend. ‘Kinks’ were finally ironedout on Monday,

June 9 (nebulizer cleared, good sensitivity, low background), and the analysis was

completed by Monday evening.

5) SampleswereanalyzedonaVG Plasrnaquad II+ using the ‘S-option’ enhanced-

sensitivity interface. A membrane desolation microconeentric nebolizer (MCN-6000 from

Cetae) self-aspirating at -20pIhin was used for sample introduction. A 10 minute data

acquisition in peak-hopping mode (9 channels per peak) was made for eaeh sample.

Calculations were done manually (’hand calculations’) based on the peak integrals obtained

for dz 239 (isotope of interest), 244 (tracer), and 245 (designated background). The

% concentrationwas determinedby comparing the net counts of ndz 239 with the

counts obtained at m/z 244 for a known quantity of Pu. The 238 peak was also monitored

to indicate excessive uranium concentrdons. The uncertainty values were calculated as

described on the Results report (question 6). An Excel 5.0 spreadsheet was used to

facilitate all calculations.

pg20f2
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Mean. Standard De viation and Bias

The deviations from the NIST values for each determination, the average deviation
from the NIST values, and the standard deviation were determined for the data that
suwived the outlier tests. Spreadsheets 1, 2, 3 and 4 report the measurement results
for the participating laboratories. Table 4 summarizes the determination of the Total
Propagated Uncertainties (K=l ).

The spreadsheets list the following information:

ID
Avg/1 S

Target
Sample Mass
Known

Sigmal ?40

Measured

Bias%

Notes

Measured

Bias%

Sample Identification Number
Mean value and 1 standard deviation of the
reported values
Target solution concentration in aCi/sample
Mass of sample solution
NIST 239Puconcentration value of the sample
solution as nBq/g and nBq/sample
1 sigma total propagated uncertainty of the
NIST value in percent
Reported 2WPUper sample as nBq/sample and
percent sigma total propagated uncertainty
Percent difference between the NIST and
reported nBq/sample value
Reason for not including the measured value
in the assessment
Reported 2WPUper sample as nBq/g and
percent sigma total propagated uncertainty
Percent difference between the NIST and
reported nBq/g value

Fn:kin~eUpuurine. pap/September 11, 1997



Spreadsheets 1-4

Measurement Results and Data Analysis

Fn:kinn&aeUpuurine, pap/September 11, 1997
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c s T u v w x Y z AA
3 NOSM Meas— ..— AccCrit Pass/Fa~-
4

— . .
W!~

--——
——

5 Regression Output:—.
6 -1 -4.1 Constant -0.025
7 -0.29 0.3 Std Err of Y Est

—
1.08901

8 0.29 ~ 0.7 RSquared O.91O113I 0.9539991>0.668 Pass
9 1 3 ~No. of Observations 4i
10 Degrees of Freedom I z~

11 x,stds,delq -0.025 ~2.965777 ERR ~
—

12 X Coefficient(s) 3.328106
13 Std Err of Coef. 0.739575
4A

;5 -1 121 Regression Output:
—

16 -0.29 I 15 I Constant 14.75
17 0.29 ~ 161Std Err of Y Est 1.063439
18 1 16 i R squared 0.789599 0.888594 i>0.868 Pass?
19 43 INo. of Observations I 41

20 Degrees of Freedom I 2i
21 x,stds 14.751 l.892969I -20.3194 I

22 X Coefficient(s) 1.9786
23 Std Err of Coef, 0.722209
24
25 -1.13i 38 Regression Output:
26 -0.49 I 39 Constant -14.7365\ !
27 0 40 Std Err of Y Est 0.201057!
2a 0.49 41.5 R Squared 0.96002910.979811 I>0.879 Pass
29 1,13, 44 No. of Observations 5
30 1 Degrees of Freedom! 3
31 x,stds 40.5~ 2.3452081 -12.51451

I

32 X Coefficient(s) 0.363864
33 Std Err of Coef. 0.042865
34—-——
35 -1 1341 Regression Output:
36 -0.29 136 ~Constant 136!
37 0.29 i 136 IStd Err of Y Est 0.557049 i
38 1’ 138 I R Squared 0.922424 i 0.960429 i>0.868 Pass
39 149INo.ofobservations 4
40 Degrees of Freedom I 2i

._ 41 x,stds 138.6 5.98331 -6.583631
42 X Coefficient(s) 1,844848
43 Std Err of Coef. 0.378306
44
45 -1.131 255 Regression Output:

_ 46 -0.49 ~ 257, Constant -60.9347!
47 01 257 ~Std Err of Y Est 0.3309931
48 0.49 ! 262 ~R Squared 0.891671: 0.944283! >0.879 Pass
49 1.13 263 !No. of Observations 5’
50 Degrees of Freedom! 3:
51 x,stds 258.8 3.49285 ~ -6.82168
52 X Coefficient(..) 0.235451
53 Std Err of Coef. 0.047382-— —
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B s T u v w x Y z AA
3 NOSM Meas

—
——————

4
— .—.. ——

nBq/g.—.. —— ——.
5 3
6

—
8

7 lost
8 <5.5

—

9 <5.5
10 x,stds,delq 5.5’64.28243 _.
11
12

ii
15 <5.5 Regression Output:
16 -0.82 I 11 iConstant 12.66867 ]
17 01 131Std Errof YEst 0.408248 I
18 0.82 ~ 14 i R Squared 0.964286 I 0.981981:>0.879 :Pass
19 78 I No. of Observations 3i
20 Degrees o~eedom 1!
21 x,stds 12.66667i 1.527525 -31.5737
22 X Coefficient(s) 1.829268
23

—.—.
Std Err of Coef. 0.352043

24
25 -1.13 141 Regression Output:
26 -0.49 27! Constant I 33.8 ‘
27 0 31 iStd EtT of Y Est 2.567429 i
28 ~ 0.49 i 45 IR Squared 0.978096 I 0.988987 ~>0.879 Pass
29 1.13 521No. of Observations I 5’
30 Degrees of Freedom! 3;
31 x,stds 33.8 ~15.02332 I -26.9874 I
32 X Coeftkient(s) -17.061
33 Std Err of Coef, 1.473977
34
35 <3.2 Regression Output:

—

36 12 ~constant 101
37 -0.82 42IStd Err of Y Est - 1.224745
38 Q 100 IR Squared 0.999788 I 0.999894 I>0.879 Pass ~.
39 0.82 161 No. of Observations 3,
40 Degrees of Freedom I 11

41 x,stds 101 ;
42 X Coefficient(s) 72.56098
43 Std Err of Coef. 1.056129
u
45 1(W Regression Output:
46 -0.821 123 IConstant 211.6667
47 01 237 !Std Err of Y Est 31.02687
48 0.82 275 ]R Squared 0.923077 ‘ 0.960769 ~>0.879 Pass _
49 lost No. of Obsewations 3
50 Degrees of Freedom 1,
51 x,stds 211.6687!
52 X Coefficient(s) 92.682938
53 Std ErrofCoef. 26.75526
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A s T u v w x- Y z AA
3 NOSM Mess

.—.. .—___

4 nBqlg ————.___
5

—--—
-=-8.84 Regression Output:

———__

6 -1 -11.1 Constant _ 45.69
7 -0.29 -7.14Std Err of ‘f Est

——
31.26699 I

8 0.29 ~ 56 IR Squared 0.877681 0.936847 I>0.868 Pass —
9 1 145 i No, of Observations ,. 4

10 Degrees of Freedom.—..— ____ 2
11 x,stds 45.69 I
12 X Coefficient(s) 80.44027
13 ‘- — Std Err of Coef. 21.23422, !
1A
15

I

-1.131 29.3 / Regression Output:
16 -0.49 I 31.3 IConstant 33.62 ; I
17 01 31.91 Std Err of Y Est 1,226299 I
18 0.49 I 35.9 IR Squared 0.934776 0,966838 I>0,879

—
Pass _

19 1.131 39.7 INo. of Observations I 5’
20 Degrees of Freedom 3
21 x,stds 33.6214.158365’81.61781 I
22 X Coefficient(s)— 4,616348
23 Std Em of Coef. 0.704026
9Ax <82.6 Regression Output:
26 -1 \ 59 Constant ‘ 73.5
27 -0.29 i 71.2 Std Err of Y Est 2.576897 ~

‘~8 0.291 79.4 R Squared 0.964024 I 0.981847 ~>0.868 Pass
29 1’ 84.4 No. of Observations I 4
30 Degrees of Freedom I 21
31 x,stds 73.5 I
32 X Coefficient(s) .12.81155
33 Std Err of Coef, 1,750038
AA
35 -1.13 101,
.-.L——..—

Regression Output:_ .
36 -0.49 109IConstant 147.4
37- 0 128 !Std Err of Y Est 17.64786
38 0:49 176 ~R Squared 0.911329 0.954636 ‘>0.879 Pass
39 1.13 223 ~No. of Observations 5—.
40 Degrees of Freedom I 3
41 x,stds 147.4 ~51,32543 -0.65243

“—42 X Coefficient(s) 56.25906
43 Std Err of Coef. 10.13174
44
45 <344
46 -1 93.6 Regression Output:
47 ‘- -0.29 254 IConstant : 292.4
48 0.29 330 IStd Err of Y Est

—.—
18.994191

49 1’ 492 IR Squared 0.991227 0.995604 I>0.868 Pas:
50 No.of Obsewations ~ 4
51 x,std_s 233.92’ Degrees of Freedom _2
52

. ——

ii X Coefficient(s)—— 193.912’
54 Std Err of Coef.—— 12.8~9~5 — —
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j<100 ~—– ; ______,----

$

100
+..... ..—.+_ ... .. . ...—–— -. ———.

F–—— .——-
10 – ---— ‘- ––----i-- ----–+ -~ ----------~ ‘--- -—–- ---x,stds. ..— .—
11

13~3!~6g4!;_.. ._ ~.. ________,___ _._. .+ ———..——..+—.— ..... ..

——
13

––-—-.. .+-_____+_ ——–--—-—— -–-–-----~---~—- ––+–-– ---- ----–- --

:“iq -’--
—–—–— +.————–-+ -–———- — : –-——-—- .– - -–d-—-––- -.

-..—–-
15 I ●3O ~

——— ———— ..—
1RegressionO@put:

—–—+ -- .
_——

16 ,<100 IConstant : ,51,333~~—-- -’~— ““-“
——
- 17 -0,82 “~---–~—-- -----------

—— 94 ~Std Err of i R_gyession Out.ut: . 10.61446,
18 , 0, 160: R Squared

—.
0.98034j 0.990121>0.879 Pass ~

19 [ 0.82’ 200, No. of Observations I 3’
20 i

—.
Degrees of Freedom~——— 1

21 Ix,stds , 151.33331 35.37146—”-’-
.—.—..—. —..——.- +–-———

22_——_ ._._ .._.. +----- _&Coefficient(s) 64.63415 i 1’ -. .-!.
23

——+. —.—–—__

‘——---- ~---s~E~off”””” ‘p=~’~-”’ “ -—-- : ‘--24
....;::-- :_ :

_ 25
-–.~——

—+.- – -—
+_ _—-

1
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26 ‘---–
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__ 27 ~
1 —— ~—— .—– -

<100
- 28

—-—+ -- —+— — .–+—. -— —t—--——. —- ————-–-
320

...—. . . ..—. ~.. _,
——--——-——-—

29 120 j -~—--—--”” ~---—_ _ _____;-—–. ~

T-v
——t ---— –--——--- –—----4 —— —:

.
31

[
~x,stds ~2@~4.28243 ~

---—---==--”” “ ‘--

– - ..f -––

32.-————— ----————— -—
33

— —-—- —-—— -----
_._.–. ..-–+

—~- –– -- .
,–—–.–.——____ .

34
——+- -- --–-––—– ---–- —---– –-—–--—--- - – —-—4--

. . —.—. ——
35

----——~—-- --- — —L-.––———+–_.
-1.13

---—–—-— —— .--—.
110, Regression Outpyt:

--—.—- -- -
— ———– .—---

36 +_ -0.49
————-—-—----———

130 Constant + !
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Outlier Tests

Because the primary objective of this intercomparison is to evaluate the mass
spectrometric technology for its ability to measure plutonium (239) in synthetic urine,
the best reported data was to be used for the evaluation. Each laboratory was asked to
review their data carefully for accuracy, and to note data that of poor confidence.
Those data that were noted as unreliable were reported but not used in this evaluation.
The remaining data were evaluated for normal distribution. Filliben’s r criteria for
goodness of fit of normal probability plots was used to detect outlying data (J.J.
Filliben, The Probability Plot Correlation Coefficient Test for Normality, Technometrics,
u(1), 111-117 (1975)). Outlier data were also not used in this evaluation. Included
with the spreadsheets (1-4) are the assessment of the distribution of the reported nBq/g
values. Normal probability plots of the data are displayed in Figures 1-17. The
linearity of the data, r, is evaluated against the Filliben acceptance criteria. The
spreadsheets include the following information:

NOSM Normal Ordered Statistic Medians for each
reported concentration value

Meas (nBq/g) Reported concentration value
X, stds Mean and percent standard deviation of

reported concentration values
Regression Output R squared is the goodness of the regression

fit, followed by R, Filliben’s acceptance criteria,
and decision that the data is not statistically
different from a normal distribution when R >
Filliben’s criteria

Technical Issues

The results of this study can now be used to address the technical issues raised during
the design of the study protocol.

o Stability of the plutonium in glass bottles and in the synthetic urine: As a
minimum, over the short-term of a few weeks and by washing the bottle
with strong acid, the plutonium appears to be stable in the glass bottles
and in the synthetic urine. BNL ICP-MS results indicate stability of the
test samples to better than 8 percent at the 148-278 nBq/g levels, and
better than 20 percent at the 15-41 nBq/g levels.

o Contamination from plutonium in the reagents used to make the synthetic
urine: The BNL ICP-MS and FTA results indicate contamination of the test
samples by plutonium in chemical reagents to be negligible ( <6 nB/g,
and probably as low as z 0.03 nBq/g),

Fnkinn.@eUpuunne.pap/October 9, 1S97



o Adequacy of the synthetic urine as a substitute for natural urine: The
ANSI N1 3.30 standard allows use of synthetic urine as a test matrix,

synthetic urine was used for pilot testing the efficacy of the ANSI N1 3.30
standard, and synthetic urine will be used for the radiobioassay DOE
Laboratory Accreditation Program. However, it was pointed out by all of
the participating laboratories that chemical yields were substantially lower
than anticipated. For example, LANL reported chemical yields as low as
20 percent - their average chemical yield for radiourine assay is 80
percent. The low chemical yield substantially lowers analytical sensitivity
and increases measurement uncertainty. A systematic study will be
necessary at each laborato~ to optimize chemical yield from synthetic
urine analysis. It is likely, however, that the resulting analytical protocol
will be substantially different from that in daily use for natural urine. None
the less, the results of this study provides a lower limit to mass
spectrometry’s capabilities, from which improvements can be built.
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Figures 1-5

BNL ICP-MS

NOSM
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Figures 6-9

BNL FTA

NOSM
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Figures 10-14

LANL TIMS
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Figures 15-17

PNNL ICP-MS

NOSM
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VI.

REPORT of TRACEABILITY
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U.S. Department of Commerce
National Institute of Standards and Technology

Gaithersburg, MD

REPORT OF TRACEABILITY

PLUTONIUM-239

U.S. Department of Energy
International Health Programs, EH-63

Germantown, MD, USA

Test Identification DOE/EH63/97

Matrix Description ~%% in synthetic urine solution

Source Description Solution in glass bottlel

Test Concentrations 18.5, 46.3, 148, and 278 nBq*g-’

Reference Time 12:00 noon Februa~ 26, 1997

RESULTS:

Per ANSI N42.22 criteria for traceability testing, the results indicate measurements of’%
at the testing concentrations were acceptable at the stated uncertainties by:

a) Brookhaven National Laborato~ Inductively Coupled Plasma Mass Spectrometry
for the 18,46, 148 and 278 nBq/g levels;

b) Brookhaven National Laboratory Fission Track Analysis for the 18,46, 148, and 278
nBq/g levels;

c) Los Alamos National Laboratory Thermal Ionization Mass Spectrometry for the 148
and 278 nBq/g levels; and

d) Pacific Northwest National Laboratory Inductively Coupled Plasma Mass
Spectrometry for the 148 and 278 nBq/g levels.

Fn:ldnri&aa41puurh.pa@Octobw 9,1997



Per ANSI N13.30 criteria for bias and precision testing, the results indicate measurements
of”% at the testing concentrations were acceptable for both criteria by:

a) Brookhaven National Laboratory Inductively Coupled Plasma Mass Spectrometry
for the 18,46, 148 and 278 nBq/g levels;

b) Brookhaven National Laboratory Fission Track Analysis for the 278 nBq/g level;

c) Los Alamos National Laboratory Thermal Ionization Mass Spectrometry for the 148
and 278 nBq/g levels; and

d) Pacific Northwest National Laboratory Inductively Coupled Plasma Mass
Spectrometry for the 278 nBq/g level.

Samples distributed
Report received

Februa~ 28, 1997
May 30, 1997

For the Director

J. M. R Hutchinson
Group Leader
Radioactivity Group
Physics Laborato~
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Notes

(1) Five test-samplebottlesfor each concentration were provided for this test. Each sample
consisted of approximately 200 g synthetic urine solution contained in a sealed glass
bottle.

Composition of the Synthetic Urine

onerl

Urea 16.00

NaCl 2.32

KCI 3.43

Creatinine 1.10

Na+304 (anhydrous) 4.31

Hippuric Acid 0.63

NH4CI 1.06

Citric Acid 0.54

MgS04 (anhydrous) 0.46

NaH,P04. H20 2.73

CaCl, . 2H20 0.63

Oxalic Acid 0.02
I

Lactic Acid 0.094
I

Glucose 0.48

NazSiO,. 9H,0 0.071

Pepsin 0.029

Cone. Nitric Acid 50.00

Yellow Food Color
(optional)

0.06

(2) Gravimetric dilutions of Standard Reference Materials were confirmed by replicate (n=5,.,
at each concentration level) radioactivity measurements.
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(3) The analysis methodology and nomenclature used for the reported uncertainties for NIST
values are based on uniform guidelines [cf., B.N. Taylor and C. E. Kuyatt, NIST
Technical Note 1297 (1994)] and are compatible with those adopted by the principal
international metrology standardization bodies. Individual uncertainties have the
significance of one standard deviation of the m- or an approximation thereof The
relative combined uncertainty, UC,is the quadratic combination of the standard deviation
(or standard deviation of the mean where appropriate), or approximation thereo~ for the
following component uncertainties:

a) Gravimetric measurement 0.35 percent
b) ~% certified uncertainties 0.36 percent

The individual certified uncertainties of standard reference materials are based on the
quadratic combination of all sources of uncertainty manifest in the preparation the
material. These uncertainties may result from uncertainties horn any or all of the
following: alpha-decay emission rate, background, balance calibratio~ decay corrections,
decay-scheme dat~ extrapolation of alpha-particle-count-rate-versus-energy to zero
ener~, live time, alpha-particle detection efficiency, alpha-emitting impurities, gamma-
emitting impurities.

The relative expanded uncertainty, U, is obtained by multiplying UCby a coverage factor of
k=2 and is assumed to provide an uncertainty internal of approximately 95 percent
confidence.

(4) Impurities (SRM 4330A solution) none detected

Estimated limits of detection for photon-emitting impurities are:
2.00 x 10+ y %1 forenergies between 42.5 and 90 keV,
8.0 x 10-sy ●S-lfor energies between 102 and 125 keV,
3.0 x 10+ y ●S-lfor energies between 133 and 1456 keV,
8 x 104 y ●S-lfor energies between 1465 and 3500 keV,
Provided that the photons are separated in energy by 4 keV or more from photons emitted
in the decay of plutonium-239.

Alpha-emitting impurities (SRM solution) none detected

Estimated limits of detection for alpha-particle-emitting impurities are:
0.04 a“s”’for energies less than 4.9 MeV and
0.001 a%’ for energies greater than 5.2 MeV.
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From mass-spectrometric measurements performed by the supplier, the massic activity
ratios of other detected radionuclides (at 1200 EST, 4 December 1995) are:
‘w%: 5.3 x 10”5
“’w%: 5.3 x 10”
24W%J: 7.9x 104
“Al#%: 2.0x 10-5

(5) Half-life ‘% 24119+26 years

(6) Test results were evaluated based upon reportedmeasurements.Values from results
associated with low chemical yield, below detection limits, and outlier test of normal
distribution were not included in the evaluations.

(7) ANSI N42.22 defines the traceability limit to NIST for performance testing as:

Where:

VL= Laboratory Value;

6N= 1 sigma total uncertainty of the NIST value, V~; and

i5~= 1 sigma total uncertainty of the Laboratory value, V~.

(8) ANSI N 13.30 defines criteria for acceptable bias between -25 to +50 percent, and
acceptable precision between -40 to +40 percent, 1 sigma total propagated uncertain y.

Information contacts: Dr. Kemeth G. W. Inn (301) 975-5541

References:

ANSI National Standards Institute, ANSI N42.22- 1995, “Traceability of Radioactive
Sources to the National Institute of Standards and Technology (NIST) and Associated
Instrument Quality Control,”

ANSI National Standards Institute, ANSI N13.30-1996, “Performance Criteria for
Radiobioassay.”
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Analytical Problems

Aside from misidentified samples and computation errors, this study revealed the
following analytical problems:

Analyt ml B asi i - Generally, biases approaching 5 percent are observed for the
higher concentration test samples. It is likely that the accuracy of the chemical
yield monitors (tracers) is a considerable portion of this bias. Careful
preparation of yield monitors should remove most of the analytical bias. In
addition, FTA is handicapped with a serious bias limitationswhen track density
is high, and when batch chemical yield corrections are used. These sources of
error severely limit FTA from being capable of being improved.

Uncerta intie s - BNL FTA, LANL TIMS and PNNL ICP-MS relative uncertainties
increased with increasing plutonium concentration - This is contrary to intuition
and should be investigated for root cause by each laboratory.

Jmpectslon
..

r - Most of the poor precision is caused by high variable blanks and
low chemical yield (see below). Large measurement uncertainty could result in
failing the ANSI N1 3.30 criteria for precision.

~iah V ariable Blank - LANL and PNNL’s results suffered from high and
variable blanks. BNL ICP-MS results, by contrast, had very low and
consistent blanks. Presumably, BNL has developed extreme sensitivity to
sample and reagent contamination, and have developed extraordinary
cleanroom techniques and ultra-pure reagents for analysis. The results of
this study indicate that BNL’s successes is strongly linked to their ability
to control and minimize any blank contributions. LANL and PNNL should
undertake careful study of their analytical system to seek out and control
sources of contamination.

Low Chemical Yield - Discussions with the investigators indicated that
chemical yields for natural urine samples are typically in the 70-80
percent range. The synthetic urine used in this study caused chemical
yields to occasionally decrease to 20 percent. The root cause should
investigated, particularly because it causes this technology evaluation to
be inaccurate (particularly the evaluation of precision and MDA), and
because the radiobioassay DOELAP effort will use the synthetic urine as
the test matrix.

l@-Lk!h -21 percent of the repoded results were not included in the study
because of <MDA, analytical outlier, poor precision, overlapping tracks, or even
poor reliability. This fraction is unacceptably high for production line operations.
The reliability of the analytical systems must be improved through systematic

Fn:kin@aeUpuurine. pap/September 11, 1997



methods evaluations at each participating laboratory and brought under
statistical control. Presumably, highly experienced analysts would be used to
analyze the DOE-Marshall Islander urine samples because of the program’s high
political profile.

m dv Limitation

A serious limitation to this study is the absence of important isobaric and chemical
interferences in the synthetic urine matrix. Addition of interferences would have also
tested chemical separations and measurement selectivity. Interference that are
present in natural urine include calcium, iron, lead, uranium and thorium isotopes, 2@Pu
and 241Pu. The results of this study should be interpreted as being collected under
optimum conditions. Including interferences would have more closely simulate
analytical performance on natural urine.

In spite of these study shortcomings, sufficient data exists to address the underlying
objectives of this study, and will be provided in the next section.
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J%ecision

Total Propagated Uncertainties (K=3) are displayed in Figures 18-22. BNL ICP-MS
had the best precision among all of the measurements. LANL TIMS, and even more so
for PNNL ICP-MS, had poorer precision (by factors of about 1.5 and 4, respectively). It
is likely that superb analytical blank control by BNL played a key role in their excellent
performance for measurement precision. Although both LANL and PNNL ran internal
blank controls, their results for the unspiked samples indicated additional sources of
contamination.

BNL FTAs precision was 2-3 times poorer than for ICP-MS. This is because there are
inherent precision limitations for FTA a) when there are few tracks, track resolution is
good, but there is poor statistics, and b) when there are many tracks, track resolution is
poor, and precision and bias are adversely affected. These drawbacks, in part,
account for the increasing uncertainty as plutonium concentration increased.

It is unclear at this time why the LANL TIMS and PNNL ICP-MS relative measurement
precision increased as the plutonium concentration increased. In general, the reverse
is expected because of higher ion fluxes. This point is left for future investigations.

Bias

Figures 23-27 displays the percent bias at each 2mPu concentration level.

Interpretation of these results are complicated by measurements with poor precision.

However, the clear message is that BNL ICP-MS has the best set of bias values. BNL

ICP-MS results make an unambiguous statement of its terrific measurement capabilities
for 2WPUat the pBq level with its excellent accuracy and measurement precision. The
excellent agreement with the NIST values lends support to the presumption that the
test samples were stable and accessible during this exercise. The BNL ICP-MS value
for the blank samples was extremely low, and was probably responsible for the good
performance. It is noted, however, that there is a systematic negative bias. it will have
to be left to future investigations to determine if the negative bias is due to a systematic
difference in the certification of the 242Putracer.

LANL TIMS had serious bias problems at the 18.5 and 46.3 nBq/g levels. However,
excellent bias values were obtained at the 148 and 278 nBq/g levels, although with
poorer precision. None-the-less, these results illustrate the potential for TIMS to
improve and be competitive with ICP-MS. To improve its performance, LANL should
begin addressing the unaccounted blank contamination.

PNNL ICP-MS bias steadily worsened as concentration levels dropped. These results
are probably strongly linked to the extremely high value they observed from the blank
samples. There is no technical reason to prevent PNNL from achieving the same

Fn:kinn&aeUpuurine. pap/Septembar 11, 1W7
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performance capabilities as BNL ICP-MS.

The BNL FTA bias is larger than those from ICP-MS, but are somewhat better than
LANL at the lower mncentrations and poorer at higher concentrations. As mentioned
before, the poorer FTA performance is related to track density. It would be possible for
BNL FTA to improve its bias performance when internal tracers (chemical yield
monitors) are used. The results of this study indicates that FTA can make
measurements within about 80 percent of a true value, 99.7 percent of the time, over
the 2WPU3.7-55.6 pBq range.

MS 1Performance Criteria

Ail four laboratories demonstrated their ability to make traceable measurements, per
ANSI N42.22 criteria, at the 148.4 and 277.7 nBq/g concentration levels. At the 18.5
and 46.3 nBq/g concentration level, however, only BNL’s ICP-MS and FTA
measurements were traceable. The FTA success at making traceable measurements
at the lower concentration levels, however, was primarily due to relatively large total
propagated uncertainties.

All four laboratories passed both the precision and bias ANSI N1 3.30 criteria at the
277.7 nBq/g level. Only BNL’s ICP-MS passed the ANSI N1 3.30 criteria for all four
concentration levels.

. .
mlm urn Detect able Am ount (MDA)

The estimated MDAs were derived from the ANSI N1 3.30 equations; the simplified
equation, MDL = 4.65s~ + 3, was not used because of significant contributions from
systematic biases.

The general MDA equation from ANSI N1 3.30, when a and ~ are equal, is:

MDA (1 ,, AJ (2A# .42ks0 ~ 3)
KT

(Eq 6)

where:
B= the total count of the appropriate blank,
so = the standard deviation in the net sample count of a subject with no

additional analyte, defined by ANSI N1 3.30 Equation 2,
K= calibration factor, (including correction for self absorption when

appropriate),
AK = the maximum fractional systematic error bound in the calibration factor K,

(like A~, AK cannot be estimated using replicate measurements, and must
be estimated by the professional judgment of the analyst),

A~ = the maximum expected fractional systematic error bound in the
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appropriate blank, (The factor of 2 before the A~ takes into account the
maximum systematic error bound when the background and sample
measurement errors are of opposite sign),

k = the abscissa of the standardized normal distribution corresponding to the
0.05 probability level, for a = 0.05 and (3= 0.05, k = 1.645,

T= standard subject counting time for the procedure.

The MDA can be obtained from data in units of count-rate from:

MDA =(1 +A~)(2A~B I+2ks;+3)/K’ (Eq 7)

where:
B’ = B/T
so’ = s* n
K’= K/l
A~’ = A~ since they represent the same fractional systematic relative fixed error.

The unprimed quantities are used when total counts are used in the computation, and
the primed quantities are used when the count rates are computed.

For this exercise, equation 7 was used to calculate MDAs. It was further assumed that
A~’ = A~. Because several blank sample results were not reported, and estimated
uncertainties for the blank sample results were large, an extrapolation method was
chosen to improve the reliability of estimating MDAs. MDAs were calculated on
Spreadsheet 5 at each concentration level, and extrapolated back to “O”nBq/g (see
Figures 30-33). BNL ICP-MS MDA’s were fairly reproducible across the entire
concentration range, the reported MDA for this study is the mean value, and the Cl is
reported as two standard deviations of the calculated MDAs. The estimated MDAs for
the 200 g sample are as follows:
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technologies. However, mass spectroscopy can eventually become more cost effective
than FTA because of quicker turnaround times. ICP-MS, has apparently closed the
precision gap with TIMS, and is very competitive with regards to accuracy and
precision.

In summary:

o ICP-MS results indicated the tremendous potential to accurately and precisely
measure pBq quantities of 2*Pu in synthetic urine, while maintaining competitive
sensitivity (MDA) with FTA.

o FTA can also measure pBq quantities of 2WPUin synthetic urine, but with
considerably larger uncertainty than mass spectroscopy.

o TIMS also has the potential to also overtake FTAs measurement capabilities,
but must make a considerable effort to identify and control root causes of high
blanks and imprecision.

o Controlling analytical blank is crucial for measuring ultra-low levels of 2mPu in
urine, which also means careful and exhaustive chemical separations cannot be
avoided.

o The chemists must find ways to improve chemical yields to improve
measurement sensitivity and reliability.
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Figures 18-22

Total Propagated Uncertainties
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Figures 23-27

Bias
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Spreadsheet 5

Minimum Detectable Amount
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Figures 28-31

Minimum Detectable Amount
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BNL FTA MDA Sep 9,1997 11:26 PM
5 Active X-Y Points
X: Cone (nBq\g) Mean: 98.18 SD: 115.57381624
Y: MDA (nBq\g) Mean: 343.7634426 SD: 485.06990265
File Source:

Rank 36 Eqn 7101 lny=(a+cx)\(l+bx)

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9983551552 0.9934206209 27.821579826 606.96010035

Parm Value Std Error t-value 95% Confidence Limits
1.804288718 1.121621043 1.608643783 -2.84635413 6.454931566

: 0.014328285 0.00460172 3.113680267 -0.0047521 0.033408666
c 0.119435114 0.036337588 3.286820091 -0.03123355 0.270103778
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LANL TIMS MDA
4 Active X-Y Points
X: Cone (nBq\g) Mean: 122.725
Y: MDA (nBq\g) Mean: 106.83571325
File Source:

Rank 6 Eqn 7001 y=(a+cx)\(l+bx)

r2 Coef Det DF Adj r2 Fit Std Err
0.9999807638 0.9999422914 1.0819619474

Parm Value Std Error t-value
3.360950177 1.068903689 3.144296544

: -0.00254468 4.15384e-05 -61.260773
c 0.320720403 0.014819793 21.64135539

Sep 9,1997 11:33 PM

SD: 117.44514677
SD: 142.42677724

F-value
25992.151267

95% Confidence Limits
-10.4214387 17.14333908
-0.00308027 -0.00200908
0.129634761 0.511806046
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PNNL ICP-MS MDA
5 Active X-Y Points
X: Cone (nBq/g) Mean: 98.18
Y: MDA (nBq\g) Mean: 2464.66464
File Source:

Rank 5 Eqn 7112 SQRTy=(a+cx )/(l+bx+dx2)

r2 Coef Det DF Adj r2 Fit Std Err
0.9274188685 0.7096754739 1270.3503745

Parm Value Std Error t-value
21.3333141 39.26795737 0.543275371

: -0.01061857 0.007909886 -1.34244268
0.819884989 1.062183822 0.771886157

: 0.000128592 0.000114773 1.120405329

Sep 9,1997 11:47 PM

SD: 115.57381624
SD: 2357.6626151

F-value
4.2592284846

95% Confidence Limits
-484.985698 527.6523259
-0.11260824 0.091371098
-12.8758583 14.51562827
-0.00135128 0.001608465

/

@



VIII■

IONS

Fn:kin@aeUpuurine. pap/September 11, 1997



The prime objective of this study was to assess the current capabilities of FTA, ICP-MS
and TIMS to measure pBq quantities of 2WPU in urine. It is clear that all three methods

have the capabilities to make such measurements. BNL’s excellent ICP-MS work
demonstrated that accurate and precise measurements are already a reality. This
reality, however, is probably dependent on the laboratory’s ability to minimize and
control the analytical blank. Such control can only be achieved with highly skilled
professionals, in dedicated ultra-clean laboratory facilities, with ultra-pure reagents.
These requirements will be costly, but necessa~. Measurements of such small
quantities of plutonium is technically difficult, and lost data (21% in this study) or repeat
analysis must be minimized with robust analytical and measurement procedures.
Although FTA does not have the analytical precision of high quality ICP-MS, this study
has demonstrated that it potentially has comparable MDA to ICP-MS. Unless the
inherent disadvantages of FTA (batch yield correction, track overlap, and poor
statistics) can be overcome, it is advantageous that a larger share of development
resources be focused on mass spectrometric analyses. While TIMS did not provide the
high accuracy and precision of BNL ICP-MS, it is likely that it too could be improved to
be competitive and deserves development. Both ICP-MS and TIMS could enhance
their capabilities considerably through minimization and control over analytical blank,
higher chemical recovery, improved precision, and higher accuracy yield monitors.
With future improvements in technology and techniques, it is anticipated that ICP-MS
and TIMS will satisfactorily meet the ANSI N42.22 criteria for traceability and the ANSI
N1 3.30 criteria for bias and precision, even at these amazingly low concentrations of
plutonium in the complex urine matrix.

Secondarily, the technical issues of test sample preparation and stability have been
addressed. This study has demonstrated that careful serial dilutions of the plutonium
SRM over nine orders of magnitude to nBq/g concentrations can be done accurately,
that the dilutions can be confirmed by measurement within a few percent, and the
plutonium in synthetic urine remains stable and accessible for analysis (to within 5
percent) for at least a few weeks. The success of this study confirms the efficacy of the
protocol to prepare these test materials.
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It is recommended that improvements to the accuracy, precision and sensitivity of
plutonium-in-urine Mass Spectrometry metrology for reliable DOE/EH occupational
worker’s health and safety, validating excretion models; identification of the source-
terms; and litigation dispute resolution be initiated by:

1. Evaluating and contrasting techniques, during on-site assessments, of BNL,
LANL and PNNL to determine the critical elements for success by the BNL lCP-
MS:

o Evaluate sources of laboratory blank mntamination,
o Evaluate why the Labs had difficulty with the Blanks,
o Evaluate why the Labs had low chemical yields,
o Evaluate why the Labs had large measurement imprecision,
o Evaluate why the Labs had analytical bias.

2. Developing a consistent method to calculate FTA and ICP-MS measurement
uncertainties and detection limits.

3. Preparing Standard Reference Material 242Puat chemical yield tracer at 11.1
pBq/g level for use by the mass spectroscopy mmmunity.

4. Conducting intercomparison of 239Pu in the range of 1500-100 aCi/200 mL of
synthetic urine containing chemical and isobaric interferences: 24Pu, 241Pu, and
trace-elements too more carefully test ICP-MS, TIMS and FTA under more
realistic conditions.
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